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This study compares suspended sediment and land use/land cover in the
watershed of Weeks Bay, Alabama. Using Landsat thematic mapper imagery, potential
high and low erosion sites were determined based on the increase in urban development
form 2002 to 2005. In situ sediment sampling was used to test the hypothesis that the
high erosion potential sites have larger amounts of suspended sediments. Additionally,
sampling was performed along the Fish and Magnolia rivers to establish a background
total suspended sediment level.

The background study established an average total

suspended sediment concentration of 18.71 mg/L for the Fish River and 17.47 mg/L for
the Magnolia River, which are higher than previous studies.

The results of the

comparison between suspended sediments and land use/land cover proved to be more
complex than expected due to variation in precipitation, to the 30 m satellite resolution,

and to the criteria for classifying urban land use.
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CHAPTER I
INTRODUCTION

Estuaries are important for the wellbeing of coastal areas. Not only are estuaries
the nursery ground for many species of fish and shellfish that are important to
commercial fisheries, they are a natural barrier for tropical storms and hurricanes (NOAA
Website, 2007). Estuaries also naturally filter harmful pollutants and restore the water
quality without the addition of harmful chemicals to the environment. Estuaries are
sensitive environments and increased rates of sedimentation into the estuary can easily
disturb the delicate balance of the system (Kennish, 2000). The most common new
source of suspended sediments is storm water runoff from urban development (Cronin,
1967). Urban development can be defined as a land use classification representing
residential, commercial, industrial, transportation networks and built-up land (Campbell,
2002). Thus, in coastal locations where these land uses have increased in abundance, it is
hypothesized that streams, tributaries and other coastal water bodies would experience
greater sediment pollution. Surprisingly though, there is a dearth of information in the
scientific literature regarding land use changes and increased sedimentation, especially
for the rapidly developing coastal counties of Alabama.
The Weeks Bay Reserve National Estuary and Research Reserve is located in
Baldwin County, Alabama, which is the third fastest growing county in the state
1

(Baldwin County Website, 2002). Previous research at this location showed that
increased erosion in the watershed was an ongoing problem from 1990 to 2000
(Cartwright, 2002). Cartwright’s thesis research used geospatial modeling to examine the
interaction between land use change and elevation to predict the locations of highest
erosion potential within the Weeks Bay Reserve watershed. Although this research was
very useful, insightful, and provided a large amount of knowledge about erosion potential
in the area, a follow-up study that also included in situ field sediment sampling would
help fine tune our understanding of the relationship between land use and increased
sedimentation. Moreover, since the completion of Carwright’s thesis, urban development
in the area has greatly increased (Scott Phipps, Research Director of the Weeks Bay
Reserve, personal communication, March 2, 2007) and a continuation of this research
into more recent time periods is warranted. It is also hypothesized rain events will
increase the amount of erosion of soils which are exposed from urban development (land
use/land cover comparison study sites) and therefore suspended sediment in the
watershed will be increased.
Similar to Cartwright’s (2002) earlier work, the overall goal of this current thesis
research project is to use geospatial modeling to identify areas of high and low erosion
potential for the Weeks Bay Reserve watershed from 2002-2005. In addition to modeling
erosion potential, this thesis will field-validate the predicted locations of high and low
erosion potential by quantifying the suspended sediment load within selected locations
throughout the watershed. The specific objectives are as follows:
A) The first objective is to establish a general baseline of suspended sediment levels
within the main stream channels of the Fish River and Magnolia River, the two
2

key tributaries of Weeks Bay Reserve, during periods of both higher and lower
flow.

A review of the literature suggests that this has not been previously

accomplished. The creation of a suspended sediment baseline is important for
this research as well as future research.
B) The second objective is to use geospatial techniques to identify areas adjacent to
smaller tributaries of the Fish River within the Weeks Bay Reserve watershed that
may have the greatest potential of high suspended sediment load. Landsat 5
imagery will be used to determine the locations of greatest urban growth and clear
cutting, as measured by changes in urban, agriculture and forested land use/land
cover types from 2002-2005. An increase in urban and herbaceous/cultivated
land cover types will be used as a proxy measure for higher potential of
suspended sediment.
C) Based on the study sites identified from objective 2, the third objective will be to
measure suspended sediment levels in the field at locations with higher and lower
erosion potential. Field sampling will occur within 48 hours of a precipitation
event in order to record maximum sediment load. A comparison of the suspended
sediment values between the two land use/land cover types will help shed light on
the influence of urban development on SS load within the Weeks Bay Reserve
watershed.
The main hypothesis for this research is that tributaries within regions of higher
urban development, as identified from satellite imagery, will have significantly higher
amounts of suspended sediment load.

Similarly, areas with lower amounts of

development will have lower levels of suspended sediment.
3

In summary, this research

will provide suspended sediment quantification in areas of high and low erosion potential
throughout the Weeks Bay Reserve watershed. Communities can use this information for
future development plans. Weeks Bay Reserve and associates may use this information
in the analysis of suspended sediment and deposition of sediment throughout the estuary.
The health of the estuary currently can be assessed using the results obtained.
Assessment of future health and potential problems (clogged gills of fish, reduced
visibility, and increased frequency of algal blooms) that could arise due to large amounts
of suspended sediment may also be a result of this research.
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CHAPTER II
LITERATURE REVIEW
Estuaries
This research focuses on sediment analysis of two tributaries of the Weeks Bay
Reserve. The hydrological regime of these rivers is in many ways influenced by the
estuary and vice versa. The results of this sedimentation study will have a direct bearing
on the health of the estuarine system. Therefore, an understanding of estuarine processes
and sedimentation is warranted.
Estuaries are defined as a “semi-enclosed coastal body of water that have a free
connection to the open sea, extending into the river as far as the limit of tidal influence,
and within which seawater is measurably diluted by freshwater derived from land
drainage” (Dyer, 1997, p. 6). They are classified according to their geomorphologic
setting and subdivided by salinity profiles. Estuaries can be divided into four types
according to topography, which formed as a result of the rise in sea levels following the
last ice age.
The first is a drowned river valley or a coastal plain estuary. When the coastline
was submerged, the estuaries formed in the coastal plain of the former river valley. They
are shallow and the extent is determined by salinity with the cutoff between estuarine and
terrestrial systems being at 0.10 parts per thousand. In North America, drowned river
5

valleys are common along the Eastern Seaboard of the United States and the Gulf of
Mexico, but they occur throughout the world. Weeks Bay Reserve is an example of a
drowned river valley estuary (Pritchard, 1967).
Fjord type estuaries are common in high latitude regions where glaciers excavated
and deepened existing river valleys. Unlike the drowned river valleys, these can be very
deep, 300-400 m in some areas. Alaskan estuaries are of this type, a specific example is
Kachemak Bay, Alaska (Pritchard, 1967).
A third type of estuary is the bar built estuary, which form on the landward side of
barrier islands and spits. They are typically very small in comparison to drowned river
valley and fjord type estuaries. Nauset Barrier Beach System, Cape Cod, Massachusetts
is an example of a bar built estuary (Pritchard, 1967).
The final type of topographically classified estuary is one that is produced by
tectonic processes. San Francisco Bay is a common example of a tectonically produced
estuary type (Pritchard, 1967).
Salinity gradients are another important defining aspect of estuaries. Salinity is
important because it is a key feature of the different circulation patterns and energies in
an estuary. Weeks Bay Reserve is a fully-mixed estuary, which is defined by horizontal
salinity gradients throughout the estuary, not sharp boundaries such as those found in the
salt wedge estuary. In this type, the tidal and river energy do not overburden one another,
allowing them both to influence the estuary. A fully-mixed estuary, if of sufficient size,
will also show signs of the Coriolis effect; in the northern hemisphere the less dense
freshwater will be pulled to the right side of the estuary (looking downstream) and the
more dense marine water will be more prominent on the left side (Dyer, 1997).
6

Salt wedge estuaries (also known as a stratified estuary) will have a stratified
appearance and are common in regions with high river influence. In the estuary the
marine water will travel into the estuary under the freshwater giving a stratified
appearance.

Estuaries of this type are common in areas where rivers with a large

discharge are present, such as those associated with the Mississippi River (Dyer 1997).
Partially mixed estuaries are a sign of large tidal influence in the estuary; these
estuaries will have a small wedge of marine water present. Because marine water is
dispersed throughout the estuary, saline water will reach the surface (Masselink and
Hughes, 2003).
The geomorphology is also dependent upon the energy of an estuary. This energy
is derived from river flow, tidal ranges and/or waves. Each energy affects the shape
differently and adds to the unique and complex estuary environment. An estuary with a
large tidal influence will be wide and open. The other major type of estuary is a wavedominated. These estuaries are partially restricted by a bar or spit and typically close off
to form a lagoon. Fine sediments are deposited within the central basin due to lower
energy levels. Other estuaries can be a mixture of both types depending upon the
influential energies (Dyer, 1997).

Soil Erosion, Sediment and Land Use/Land Cover
For this research a clear definition of soil erosion and soil runoff is essential.
Erosion is defined as, “the removal of rock debris by an agency such as moving water,
wind, or glaciers,” whereas runoff is defined as “surface discharge in the form of
overland flow and channel flow” (Marsh, 1998, p. 398 and 405). Non-point source
7

pollution is the most common contributor to the low water quality of the streams that are
found throughout the U.S. It is estimated that anywhere from 9 billion to 20 billion tons
of sediment has been lost since the introduction of agriculture 20,000 years ago. In some
areas current rates of erosion were 25 to 50 mm per year (one hundred tons per acre)
(Marsh, 1998).
Soil erosion is a global problem for many communities. One example is India,
where the climate shifts from periods of minimal rain followed by the monsoon season
can cause catastrophic flooding. The combination of these extremes creates a high
erosion problem, both for the farmers and the watersheds and basins (Sharma et al,
2001). Areas can be affected by erosion in several ways, two of which are: reduction of
viable soil and increased levels of soils degrading the watershed and drainage basin,
which settle and “smother” plants and bottom dwelling species (Sharma et al, 2001).
The watershed of Weeks Bay Reserve, especially the northern portions (Fish
River), has undergone a tremendous land use change from forested or agricultural land to
suburban development of strip malls and restaurants (Cartwright, 2002; Baldwin County
Development Alliance, 2008). Agriculture and land clearing for development (urban and
suburban) are among the leading causes for erosion. Eroded soils are typically retained
in the watershed. Areas within the watershed, such as woodlands, wetlands and
floodplains, trap and retain the sediments (Marsh, 1998). Excess sediments can damage
an environment (especially a wetland) and overload the traps causing sediments to be
transported further downstream. Sediments are considered non-point source pollution.
Non-point source pollution is spatially dispersed throughout the watershed making it
difficult to name one single contributor. A stream can carry large amounts of nutrients
8

and heavy metals (by adsorption) downstream.

Once deposited, sediments can

overwhelm a system by covering vegetation and other organisms on the bottom, causing
a reduction in light reaching them or suffocation (Marsh, 1998). The greater the amounts
of erosion occurring, the larger the potential stress on the lake, bay or ocean from eroded
sediments. Stress can be caused by the infilling of channels and bays, the deposition of
adsorbed materials, and the reduction of the depth that light can penetrate the water
surface (Buchanan and Ganju, 2003).

Weeks Bay Reserve is experiencing a large

amount of land clearing due to urban development leading to concerns over increased
sedimentation and excess nutrients in the bay contributing to fish kills.
Commonly the Universal Soil Loss Equation (USLE) is used to determine the
potential of soil erosion in an area. The USLE is an equation that uses area rainfall,
vegetation, soil erodibility and slopes to determine the potential of erosion. In Weeks
Bay Reserve, the components of the USLE that could be the most influential are; rainfall,
vegetation and the erodibility of the soils, as slope throughout the watershed is believed
to have minimal influence on erosion (Cartwright, 2002).
Many construction projects use minimal precautions to prevent erosion from
reaching the nearby tributaries. Several methods can be used to prevent the soil from
eroding and reaching the area streams, wetlands, ponds or lakes. Among these are the
use of silt fences (most common, however not the most effective), using sediment traps or
barriers to block the sediment from reaching the waterways, and using materials to “hold”
the soil in place (Marsh, 1998). Line and White (2001) found that efficiency for total
suspended solids being retained by a berm was 59 % and the retention of total
phosphorous was 30 %. This research also found that a wash stone and check dam
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system was more effective in retaining sediments (69 %), but not total phosphorus (only
9 %). It is important to note that this research was conducted in North Carolina which
boasts one of the strongest sediment retention plans for construction sites in the U.S.
(Line and White, 2001).
Several studies have been conducted in other watersheds using sediment as an
indicator of runoff from changes in land use/land cover. One such study, Walter (2006),
researched the Conestoga watershed in Pennsylvania. This study focused on how streams
adjusted to the increases of sediment from land use/land cover changes and the addition
of mill dams during the Colonial Period of American history. The results show that even
after adjusting for farming practices in the area, there are still large amounts of sediment
being transported. 50 % of this sediment was believed to be bed sediments and that the
denudation rate was 438 m/My (Walter, 2006). Few studies have been published on
WBR. Haywick, et al. (2002) used grab samples and cores to create a sedimentary record
of WBR Bay. These results include sand deposition after two tropical systems affected
the area. The impact included the increased amount of sand, which was deposited at the
mouth of the Fish and Magnolia Rivers. Sand bars were still visible at the mouth of the
Fish and Magnolia rivers 2 years after the storms. Sediment cores from Weeks Bay show
a dynamic nature to the estuary. Such as tidal and storm influences sometimes being
exaggerated by the geography of Weeks Bay Reserve.

The study determined that

suspended sediments were from the construction and agriculture sites (Haywick, et al,
2002).
Frick and Buell (1999) discuss the effects of land use on nutrient and sediment
contribution from tributaries to the Chattahoochee River near Atlanta, Georgia. Samples
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were obtained from several different tributaries with different land uses; urban, suburban,
agriculture (mainly poultry and livestock production) and silviculture (forested). Results
from this research show that large amounts of sediment were contributed from the
tributaries adjacent to urban (67,000 tons/yr) and suburban (19,000 tons/yr) areas. The
tributary with the lowest amount of sediment was from streams adjacent to the forested
areas (7,000 tons/yr). The study hypothesized that some reasons for increased suspended
sediments in the urban watershed were the amount of impervious surfaces and storm
water (sewer) overflow. Control of storm water drainage was recommended to decrease
the amount of suspended sediment and other non-point pollutants reaching the
Chattahoochee River (Frick and Buell, 1999).
Suspended sediment studies are becoming more accurate with increasing of
technological availabilities. Some methods used to determine the source of sediment are
mineralogical combinations of lithology, radionuclide fallout and trace heavy metal
surveys, often referred to as “fingerprinting.” Wilson (2003) used fingerprinting in WBR
to determine sources for suspended sediments. Many of the early fingerprinting methods
(lithology and heavy metal survey) could create confusion if the area of study was not
researched properly for all possible contributors of the fingerprint components. The
amount of confusion depends on the geological and anthropogenic location of the site.
For example, trace metals are found in wastewater discharge and erosion products of
many rocks. One would have to estimate the amount of trace metals being contributed by
wastewater and septic tanks within the area studied. Radionuclide detection is the most
effective, and an intricate knowledge is required for the proper assessment of sources
(Walling, 2005). The most common method is the use of fallout radionuclides. Typical
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radionuclides used are

137

Cs,

210

Pb, and 7Be. Fallout radionuclides are especially helpful

when attempting to distinguish between surface and subsurface sediments (Walling,
2005). Recent studies by Wilson (2003), Yeager, et al. (2005), Fraley et al. (2006) and
Nagle et a.l (2007), accurately use radionuclides to determine the source of suspended
sediments within a watershed.
Wilson (2003) used radionuclides to determine sediment budgets for several
National Estuarine Research Reserves, including Weeks Bay Reserve. The study of
Weeks Bay Reserve was performed during a 72-hour period, which began with a rain
event.

Atmospheric radionuclides were collected by 20 L buckets throughout the

watershed. Suspended sediment samples were collected at the inflows of the Fish and
Magnolia rivers, Fish River at State Highway 104, Fish River at Highway 90, Magnolia
River at Highway 98, as well as the inflow of Weeks Bay into Mobile Bay and were
collected 1 to 1.5 m below water surface. Flow discharge was determined for this event
and was approximated using an Acoustic Doppler Current Profiler.

This study

determined that suspended sediment concentrations range widely. Concentrations at Fish
River inflow ranged from 4.56-17.7 mg/L and Magnolia River inflow ranged from 9.65
to 33.3 mg/L (Wilson, 2003).
Wilson (2003) determined from radionuclide signatures that much of the sediment
was derived from the estuary. Re-suspension from both Weeks Bay Reserve and Mobile
Bay contributed the most sediment during this study to Weeks Bay Reserve and into the
mouth of the Fish and Magnolia rivers. The majority of the study’s samples were taken
at the inflows of the Fish and Magnolia rivers. About forty percent of the sediment from
these locations was terrestrial. The remaining sixty percent was marine (Mobile Bay) or
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bed (Weeks Bay) in origin. Wilson (2003) determined a sedimentation rate of 0.07 cm/yr
in Weeks Bay. This, however, is based on only one core and it was located at the mouth
of the estuary, where large resuspension events from tropical storms could alter the
results (Wilson, 2003).
Bakker et al (2004) used a different approach to study soil erosion and the effects
that it has on landuse changes. This study focused on Lesvos, Greece, where changes
from agricultural to rangeland were linked to soil erosion. Erosion was the driving cause
for landuse change.

As erosion occurred in one agricultural area, that land was

abandoned and in favor of other locations, which were used until the erosion caused
required that they be abandoned too. It was predicted by Bakker et al (2004), that this
shift would occur again soon. Another study in Ethiopia used Geographic Information
Systems (GIS) and land use/land cover changes to recommend methods of conservation
for the highlands area. The main goal was to assist the people of the area in stabilizing
the supply of food and reduction of sediment retention in lakes, reservoirs and ponds due
to poor land management practices. The different methods were plugged into models
with existing land use/land cover to determine the amount of current potential erosion
due to poor land management practices and to determine if different methods of sediment
retention could slow or prevent the amount of erosion reaching the streams. They also
used varying scenarios with changing soil-erosion prevention methods and rainfall events
to predict the influences of future land use/land cover changes in the area (Tamene et al.,
2007).
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Geospatial Imaging
One approach to the investigation of potential sediment runoff is to use geospatial
methodology, such as Geospatial Information Systems (GIS) and remote sensing. GIS is
a method of capturing, storing, querying, analyzing and displaying geographically
referenced data with a computer system (Chang, 2004). Remote sensing is the use of
measured data collected from a distance using sensors, such as satellites, to interpret
information about the environment (Jensen, 2000). These two methods (GIS and remote
sensing) can be used to determine land use/land cover, slope and geographic patterns in
the environment.
Researchers throughout the world use satellite imagery for determination of land
use/land cover changes. In the United States the most commonly used images are from
the Landsat series of satellites. The U.S. Geological Survey Landsat program is most
commonly used when very fine resolution is not required (30 m resolution). The greater
the resolution, the greater the cost of the images. A typical Landsat image costs around
$500.00 whereas a higher resolution image can cost $10,000.00 (depending upon the
study area and the resolution). When deciding what type of images and resolution to use,
consideration of the prices and needs of the research is mandatory. The Landsat images
contain seven bands, listed in Table 1. Each band highlights features of land use/land
cover and can be used to determine changes in vegetation cover due to storm events or
development (USGS, 2006).
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Table 2.1

Landsat 5 TM bands (USGS, 2006)

Band Number

Range

Resolution

1

Visible (0.45-0.52 µm)

30 m

2

Visible (0.52-0.60 µm)

30 m

3

Visible (0.63-069 µm)

30 m

4

Near Infrared (NIR) (0.76-0.90 µm)

30 m

5

Near Infrared (NIR) (1.55-1.75 µm)

30 m

6

Thermal (10.40-12.50 µm)

60 m

7

Mid IR (2.08-2.35 µm)

30 m

The integrated use of aerial photography, satellite images and the development of
digital elevation models from measurements using geospatial software, assists the
researcher in finding sample locations.

Sample locations can be determined using

changes over a period of time and creating a visual representation of the area that is
specific to the research goals. Rooney and Smith (1999) used GIS methods to model
bathymetric data and used this model and rainfall data to determine sedimentation rates in
the Tomales Bay Estuary, California. Evans and Seamon (1997) determined that the use
of GIS was important in the determination of the sediment yields of a watershed, more
specifically, using a digital elevation model to calculate the soil erosion potential. A
recent study set in the Spanish Pyrenees notes that the use of erosion and slope digital
terrain model “should be assessed for every specific case” (Beguera, 2006, p. 4596).
Using Landsat and digital terrain model data this study attempted to determine the
effectiveness of the methods in erosion predictions for the Yesa Reservoir in the Spanish
Pyrenees. The Landsat data did not effectively predict the erosion of bare rock and the
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inclusion of the digital thematic mapper data did not provide any better results. They
found that the lithology of the area provided the best model for the prediction of erosion.
Pandey, et al (2007) used the universal soil loss equation (USLE) and geospatial
information systems (GIS) methods in the Jarkarhand State of India. They combined
these methods to determine areas of high (critical) erosion potential. Because this study
combined the commonly used USLE for verification of its accuracy, it is a critical
component to the accuracy of remote sensing capabilities in the prediction of erosion.
Deviation from the expected values was low when using the two methods. In contrast,
the viability of the USLE has been questioned recently by Boomer et al. (2008). The
study determined that predictions (also used was the RUSLE2 (Revised Universal Soil
Loss Equation)) grossly over exaggerated, by 100 %, the amount of sediments being
transported by (Boomer et al, 2008). In contrast to the overly exaggerated results, the
predictions also performed poorly at identification of observed high yield watersheds
(Boomer et al, 2008).
Cartwright, (2002) estimated areas of concern within Weeks Bay Reserve using
satellite images to derive land use/land cover changes and using GIS software to
determine slope of the area from digital elevation modeling data. Geospatial techniques
were combined to pinpoint changes in land use/land cover and slope of the area. The
results obtained from Cartwright (2002) provided locations of concern for increased
erosion.

Cartwright (2002) showed that regions with increased urban development

should have the largest erosion potential. However, this research noted that the influence
of slope proved to be indeterminate since there is minimal elevation change within the
watershed. Also noted by Cartwright (2002) was the preservation of natural streamside
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buffers and that many of the areas of increased urban development were an extension of a
pre-existing urban area. Cartwright (2002) however, did not validate his research with
field data. In contrast the data obtained for the present study were validated through field
sampling.
Many other studies have used remote sensing to predict the amount of suspended
sediment being transported by a watershed. These studies estimate the amount of land
use/land cover changes in an area and compared them to the slope and precipitation.
Myint and Walker (2002) used NOAA Advanced Very High Resolution Radiometer
(AVHRR) and SeaWiFS (Sea-viewing Wide Field-of-view Sensor) to predict the amount
of suspended sediments offshore of Louisiana. Predictions were compared to suspended
sediment samples of the area offshore of Louisiana. Suspended sediment samples were
taken as the satellites were overhead. Sample results show that the AVHRR method
provided more accurate predictions than the SeaWiFS (Myint and Walker, 2002).
Similar studies using imagery to derive sediment plume directionality and sediment
amounts have been performed around the world including Gulf of Kutch, India (Kunte et
al., 2003), Lake Erie, United States (Wijekoon et al., 2006) and Scheldt Estuary,
Belgium, (Sterckx et al., 2007).
The study reported in this thesis used Geographic Information Systems (GIS) to
locate sites of interest based on land use/land cover changes between the years of 2002
and 2005. As stated above, sites with high erosion potentials were those undergoing
recent development (removal of vegetation). These sites were then sampled based on the
possibility of high erosion from nearby building of strip malls, homes and roads. Weeks
Bay Reserve is undergoing a tremendous amount of change to the northern portions of
17

the watershed (as noted by the satellite images and field reconnaissance). Verification of
GIS predictions for increased runoff and actual suspended sediment in Weeks Bay
Reserve is important for future research in the watershed.
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CHAPTER III
SITE DESCRIPTION OF THE WEEKS BAY RESERVE
Study Area
Weeks Bay Reserve is an area that is known for the promotion of research
(ecological, biological, aquatic and land based, etc.) and wellbeing of Weeks Bay and
surrounding communities. The area was an excellent location for this research due to the
lack of published literature on the topic and the accessibility of the area. Weeks Bay
Reserve is one of the 27 federally designated National Estuarine Research Reserve
Systems , this designation increases the favorability of research there (Figure 3.1). It was
designated a reserve in 1986. Weeks Bay Reserve was established as part of National
Estuarine Research Reserve Systems, which is governed through the National Oceanic
and Atmospheric Association (NOAA).

The National Estuarine Research Reserve

Systems were established as part of the Coastal Zone Management Act, CZMA, of 1972
to aid in the conservation and rebuilding of natural coastal features (NOAA Website
2007). The resources that are available from previous research and the community at a
National Estuarine Research Reserve System site are conductive of research. Weeks Bay
Reserve was an excellent choice for research because of its status as a National Estuarine
Research Reserve System site and the tremendous urban and suburban growth in recent
years.
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Figure 3.1

Locations of National Estuarine Reserves (NOAA Website, 2007).
Hollow points are proposed locations for future reserves.

Weeks Bay Estuarine Research Reserve is located in Baldwin County, Alabama,
near the City of Fairhope, Alabama (Figure 3.2). An important aspect of Weeks Bay
Reserve is the relationship with the Weeks Bay Reserve Foundation, which provides
support, outreach and funding assistance to Weeks Bay Reserve. The Foundation began
their service to Weeks Bay Reserve in 1990 (NOAA Website, 2007). Support to the
reserve is provided through fundraisers and community outreach programs. Community
outreach programs include education on the importance of the natural vegetation, proper
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landscape care and proper care for septic systems (Weeks Bay Reserve Foundation
Website, 2007). With the increase in urban land use/land cover (170 % (2000-2006))
(Baldwin County Economic Development Alliance, 2008), it is important to educate the
public about the environmental problems associated with increased suspended sediment
and the welfare of Weeks Bay Reserve. As an example, the use of bulkheads is a
common problem in the watershed. When these structures collapse, they contribute a
significant amount of suspended sediment.
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Figure 3.2

Site map of the Weeks Bay Reserve watershed. The upper inset is of
Alabama. The lower inset is of Baldwin County (Alabama Data Portal,
2008).
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The watershed of Weeks Bay Reserve occupies an area of 24.36 km2 this area
includes the Magnolia and Fish rivers as well as their tributaries, and consists of 27 %
marsh and swampland (NOAA Website, 2007). The Magnolia and Fish Rivers are the
objects of the SS study. The Fish River was the object of the land use/land cover change
portion of this research. The Fish River has an average discharge of 62.6 m3/sec (flood
tide) to 87.5 m3/sec (ebb tide). The Magnolia River has a smaller watershed than the Fish
River and average discharge reflects this. The average discharge for the Magnolia River
is -37.2 m3/sec (flood tide) to 30.0 m3/sec (ebb tide) (Wilson, 2003).
The growth of the area in recent years is a cause of concern for this research and
other researchers at Weeks Bay Reserve. The study area was located in Baldwin County,
which is the third fastest growing county in the state of Alabama with a 2000 census
population recorded at 140,415. From 2000 to 2005 the population has increased to
160,354, a 14.20 % increase in just five years. This upward trend is expected to continue
and reach 174,574 by the year 2009. This is a projected increase of 24.33 % since the
year 2000 (Baldwin County Economic Development Alliance, 2008).
Until 1990, the majority of the land in this area was used for agricultural
purposes. However, since 1990 and to a greater effect 2000, there has been a rapid
increase in urban development (Baldwin County, Alabama 2002, Website). The increase
in urban development in the area provides a basis for concern in the area since research
shows there is a correlation between erosion and the change from vegetative land cover to
urban landcover, particularly the practice of clearing all vegetation from the landscape for
development. The Baldwin County Economic Development Alliance promotes that the
commercial growth for the area has been 170 % for the period of 2000 to 2006 (Baldwin
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County Economic Development Alliance, 2008).

In the watershed of Weeks Bay

Reserve most of the major development has been in the northern portions of the Fish
River.
The ecologic/biologic diversity of Weeks Bay Reserve can be affected by many
factors. Continuation of the biologic diversity of Weeks Bay Reserve could depend on
impact of non-point source pollution. Weeks Bay Reserve supports several marine and
freshwater species that are important to the commercial fisheries industry in the area.
Some of these species are, but are not limited to, the blue crab, shrimp, red drum,
flounder and spotted sea trout (Weeks Bay Reserve Website, 2007). The Weeks Bay
Reserve is a mixed estuarine system, with salinities nearing 19 ppt (Kennish, 2004). It is
a shallow estuary, with an average of depth 1.5 m, and a diurnal tide with a range of 0.30.5 m (NOAA Website, 2007). Reduction in the depth of the estuary from sedimentation,
increased amounts of non-point source pollutants (sediments, metals, pesticides and
herbicides), change in the salinity of the area or alterations in tidal flows could be
catastrophic to the fisheries in the area due to the importance of this area in the
development of many of the commercial fish’s young. Most young fish are highly
susceptible to minor changes in salinity and pollutants. In addition, an influx of nutrients
can lead to algal blooms, which can block the light from reaching depths of the bay and
result in hypoxia. This condition can be caused by bacteria decomposing wastes and
remnants of organisms (such as algae). These bacteria reproduce fast and become so
abundant they use so much oxygen that they create low oxygen conditions. Hypoxic
conditions can potentially result in a fish kill (Davis and Fitzgerald, 2004).
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The suspended sediment and salinity of an area are strongly affected by climate.
The amount and rate of rainfall can affect suspended sediment level in an area’s water
bodies and a lack of rain can cause increased salinity levels farther upstream than normal.
The climate of the WBR is humid, subtropical. A humid climate typically has year round
variable rainfall (National Weather Service, 2008). The greater the amount of rainfall the
more likely it is to increase the amount of erosion, especially in an area where vegetation
has been removed for development. The January average temperatures range from a
maximum of 15.4 ˚C to a minimum of 4.4 ˚C. July, the hottest month of the year ranges
from an average high of 36.3 ˚C to an average low of 22.9 ˚C. Normal precipitation, over
a 30 year period, is 1624.6 mm per year (National Weather Service, 2008). The USGS
weather station near Silverhill, Alabama measured a total of 878.88 mm for the entire
year of 2007. While the USGS station at the Magnolia River and US Highway 98 near
Foley, Alabama measured 1113.03 mm of rain during 2007 (USGS National Water
Information System, 2008). This variation between the two rainfall gauges is important
to the data collected for erosion potential.
Weeks Bay Reserve is also affected by tropical systems (storms or hurricanes).
The probability of a tropical system impacting Weeks Bay Reserve is 0.25 any given year
(Rodgers et al, 2006). These data are from the period 1850-1936 and 1979-2000, which
does not include the landfall of Hurricane Ivan, which occurred in September of 2004 ad
was classified as a category 3 hurricane on the Saffir-Simpson Scale (National Hurricane
Center, 2005) or the active year of 2005 when two major hurricanes Katrina and Rita
made landfall in neighboring Louisiana and Texas. The year 2005 also had several minor
storms that influenced the area, including Tropical Storm Arlene (June of 2005) and
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hurricanes Cindy and Dennis (both occurring in July of 2005). Tropical system rainfall
amounts can be extraordinary depending on the system and proximity to a location (Table
3.1). Therefore, increasing the likelihood of large erosion events in areas of exposed soil
in the watershed of Weeks Bay Reserve.

Table 3.1

Annual rainfall amounts for years with tropical storm events for the
Fairhope, Alabama Regional Climate Center Site for the years 1976-2006.
Year
1979
1985
1987
1994
1995
1997
1998
2000
2001
2002
2004
2005

Precipitation (mm)
1782.06
1860.55
2030.48
1529.33
2171.95
2206.24
2177.54
1041.40
1716.02
1802.38
1905.00
2155.95

Storm Name(s)
Frederick
Elana, Juan
Unnamed
Alberto, Beryl
Erin, Opal
Danny
Earl, Georges
Helene
Allison, Barry
Hanna
Ivan
Arlene, Cindy, Dennis

The urban land use/land cover changes occurring in the watershed of Weeks Bay
Reserve influence the biologic/ecologic health of the areas. Commercial and population
growth in this area is rapid.

Residents and business owners are interested in the

wellbeing of the area that they moved to for the convenience and aesthetic properties. In
the past storms have damaged the area, but the areas closest to the coast have been
protected by the wetlands.

With the current growth and the reduction of wetlands

occurring in Weeks Bay Reserve, damage from the next tropical system could be great.
Even if this storm is not a direct hit, the torrential rains that can be produced will increase
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the levels of suspended sediment in the watershed. The increased rate of erosion to
unvegetated land and large inputs of non-point source particulate pollution will be
detrimental to Weeks Bay Reserve.

Urban Planning
An important aspect to any community is the planning of development. Planning
establishes regulations and the prevention of increased non-point pollution. Until August
7, 2007, there were limited regulations on the zoning ordinances for the regulation of
erosion in the State of Alabama. These ordinances were controlled by the Alabama
Department of Environmental Management and were restricted to sites greater than one
acre (0.00405 km2).

The Baldwin County Highway Department’s Permits Division

supervised the construction of subdivisions. Developers were required to include a plan
for the control of sediment and erosion in the plans for any new subdivision application.
The plan was required but developers were not forced to follow the plan, and many times
did not (Baldwin County Planning and Zoning Department, 2007). The plan passed by
the Baldwin County Planning Commission on August 7, 2007, expands these regulations.
A plan is required for sites less than one acre (0.00405 km2) to be prepared by a Certified
Professional (e. g. architect, geologist, surveyor, general contractor). The plan must be
approved by the county before building can begin. If the plan is lacking in management
practices of erosion, then a notice to stop work or a fine of $150.00/day will be enforced.
For sites greater than one acre (0.00405 km2), the plan must be drawn up by a Qualified
Credentialed Professional in the State of Alabama. Larger sites are susceptible to the
same penalties as sites less than one acre (0.00405 km2). The new regulations are
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expected to reduce the amount of erosion occurring during development. Recent meeting
notes published on the Baldwin County Planning Commission’s website note the interest
in the community of reducing runoff, and creating regulations to protect wetlands and
other coastal features (Baldwin County Economic Development Alliance, 2008).

Geology and Soils of the Area
The geology and soils of an area are important for the assessment of erosion
potential within a watershed. The Universal Soil Loss Equation (USLE) uses the slope
and erodibility of soils to determine erosion potential (rates). An area with a high slope
will have more erosion than an area with a lower slope (if ground cover and soils are
otherwise equal). However, an area with a lower slope and silty-clay soils will have
more erosion potential than an area with a bedrock surface (Marsh, 1998).
Structural features such as faults can create large dips (increasing slope) or
grabens (basins). The influences of geology and soils on a watershed are innumerable.
Structural features in the study area are associated with the formation of the Gulf of
Mexico Basin. Structural features include the nearby Mobile Graben and the Mississippi
Salt Dome Basin. The Mississippi Salt Dome Basin is bordered on the southeast by the
Mobile Graben and a series of growth faults, which lie well under the subsurface.
Overlying these structural features are several meters of marine and fluvial deposition.
The Mobile Graben contains a large oil reservoir, which is associated within the
Smackover Formation. The Smackover is located at a depth of 3900-5600 m below the
surface and is 5-30 m thick (Salvador, 1991). The impact of the Mobile Graben and
Mississippi Salt Dome Basin on erosion is minimal.
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The regional stratigraphy that outcrops in the area consists of alluvial deposition
(current) that is Tertiary to Quaternary in age. The terms Tertiary and Quaternary are
considered archaic by the stratigraphic code, however, use in this document will retain
the terms written in the literature. The oldest of these units is the Undifferentiated
Miocene Series. This unit consists of a series of sands and muds that are typically light
gray to yellow with laminated clay, sands, and sandy clay. In the downdip area of the
series, the beds are partially dolomitic limestone.

This limestone is light gray to

brownish-gray and the series ranges in thickness from about 30 m to 300 m (Reed, 1971).
Overlying the Miocene Series is the Citronelle Formation.

The Citronelle

Formation is mostly sand with the secondary rock types described as clay or mud. The
Citronelle Formation is Pleistocene-Pliocene and is approximately 40 m thick. The
contact between the Citronelle Formation and the Miocene Series is unconformable, and
is marked by the gravels at the base of the Citronelle Formation. Most of the Citronelle
Formation consists of gravelly mixtures of sands with lenticular beds of sandy clays to
clayey sands interbedded. The colors have been described as dark reddish-brown to light
gray (Reed, 1971).
The unit termed Quaternary Alluvium in this area consists of river alluvium and
beach sand structures that are described as marine terraces. Terraces can be 20 m to 65 m
in elevation above sea level. Terraces are differentiated depending on their location and
period of deposition. The most extensive of these terraces can be found parallel to the
Mobile River. The Coharie terrace is only about 3 m in thickness and the Penholoway
terrace reaches 15 m in depth at some locations. The deposits within these terraces have
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been described as white to orange sands that are fine to coarse grained (Reed, 1971 and
Geological Survey of Alabama Website, 2007).
Soil information within the area was obtained using the Alabama Department of
Agriculture and Natural Resources Conservation Service’s “Web Soil Survey” website.
The soils located within the watershed are all classified as loamy except for Grady and
Okenee soils, which are respectively classified as mucky soils and those soils classified
as alluvium. Loams are soils that contain equal proportions of sands, silts and clays
(Kearey, 1996). Soils in the area are mostly fine sandy loams. A recent reconnaissance
trip to the area revealed new development within the watershed. This development has
exposed distinctly red soil. The newly exposed soil is either the Greenville loam or the
Orangeburg fine sandy loam (Geological Survey of Alabama Website, 2007). Both of
these soils would be easily eroded by rain water and entrained as runoff to streams.
Weeks Bay Reserve is in an area where the outcropping geology is of sedimentary
origin. It is young and poorly lithified or unlithified, allowing for easy erosion. The soils
are sandy, silty or clayey loams, all easily eroded, particularly the latter two.

Tectonic

activity in this area since the opening of the Gulf of Mexico is limited to movement of alt
diapers and subsidence of the crust due to cooling and loading of significant thicknesses
of sediment. Prolific sedimentation has also contributed to the formation of growth
faults. The increased development in the northern portions of the watershed (Fish River)
has been tremendous in recent years.

This development combined with soil types,

increases the chances for erosion.
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CHAPTER IV
METHODOLOGY
Geospatial
A)

Data Acquisition
Images used in this study included two Landsat 5 satellite images from August 7,

2002 and September 16, 2005. Landsat 5 satellite image data for Weeks Bay Reserve
(path 21, row 39) were obtained through Mississippi State Department of Geosciences’
existing Gulf Coast satellite image library (Table 4.1). These particular images were
selected to cover the period since Cartwright’s thesis (2002 to 2005), which represents a
time of increased development in the area. Both images are late summer images allowing
for the maximum leaf on conditions, which is preferred for vegetation mapping. The
September 16, 2005 image was taken directly after the landfall of Hurricane Katrina.
Even though this image was 17 days after the landfall, the impact of the storm is not
expected to greatly affect the urban land use. Furthermore, Murrah (2007) showed that
vegetation changes from Hurricane Katrina within upper and inland portions of the
watershed (where field sampling occurred) were minimal. Another reason for choosing
these images was that they were cloud-free. The September 16, 2005 image and August
7, 2002 images were used to identify land use/land cover changes in the region since the
work of Cartwright (2002).

31

Table 4.1

Images available for use from the Mississippi State University Department
of Geosciences’ existing Gulf Coast satellite image library. Images
highlighted in gray were used in this study.

Image Type

Date

Landsat 5

28-Apr-2006

Image Type

Date

Landsat 5

16-Sep-2005

Landsat 5

22-Aug-1990

Landsat 5

25-May-2005

Landsat 5

14-Feb-1991

Landsat 5

24-Mar-2005

Landsat 7

15-Feb-2000

Landsat 5

07-Aug-2002

Landsat 5

08-Jul-2002

B)

Images Available from Cartwright (2002).

Image Preprocessing
Satellite imagery was geometrically and radiometrically corrected, using the

ERDAS Imagine Software, before comparison to ensure accurate overlay of the images.
All images were projected using North American Datum 1983, Universal Transverse
Mercator 16.

This research borrows the satellite images used by Murrah (2007).

Previously raw images for 2002 and 2005 were georeferenced. Georeferencing corrects
spatial distortions that are inherent within an image. These distortions are a result of a
number of factors, such as altitude, curvature of the Earth, atmospheric refraction, and
errors in the sensor (Lillesand et al, 2004). The purpose of georeferencing is to use
ground control points (points that are of known ground features that can be matched on
both images) to correct the random distortions of the image. The radiometric correction
was performed after completion of the georeferncing. Radiometric correction performed
by Murrah (2007) was a Top-of-Atmosphere (TOA) correction.

This correction is

recommended to obtain a more accurate image from Landsat 5 (Campbell, 2002). The
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Landsat 5 satellite has been in orbit for 20 years (well past its expected life), and over the
years numerous errors have accumulated. The process for TOA correction was a two
step. The first step was to convert the data to radiance and the second was to convert
radiance to TOA reflectance. The equations can be found in Chander and Markham
(2003).
In order to facilitate the processing and analysis the images were subset (cropped)
to the Weeks Bay Reserve watershed. This subset corresponds to the same extent as
Cartwright (2002). This is done by creating an area of interest (AOI) in ERDAS Imagine.
The AOI used for this research was obtained from Cartwright (2002) and is included in
the Department of Geosciences’ Gulf Coast satellite image library. Using an AOI reduces
the amount of processing and the file size of the image. This task is performed using a
vector representing the desired area, which is converted to an AOI using ERDAS
Imagine. This final image minimized the amount of confusion that could be produced
from an overwhelming amount of data.

C)

Land Use/Land Cover Classification and Change

This study uses Landsat TM imagery to identify areas of high and low urban
development; therefore, image classification is a very important component to this
research. The classification land use/land cover follows methodologies outlined by the
National Land Cover Data set (NLCD, 2008). Based on previous NLCD and previous
work of Murrah (2007), six land use/land cover types were identified (Table 4.2). Initial
unsupervised classification was performed with 100 classes with a threshold convergence
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that was set to 95 % and the number of iterations was set to 12. From the initial 100
types, the data were then lumped into six classes.

Table 4.2

NLCD

Descriptions of land cover classifications used (NLCD data set, 2008).

Land Cover Description

Water

All areas of open water, generally with less than 25%
cover of vegetation or soil
Urban
All developed areas regardless of intensity (ranged
from impervious surfaces to housing).
Herbaceous/Cultivated
Areas dominated by grammanoid or herbaceous
vegetation and/or an areas used for the production of
crops.
Mixed Upland Forest
Areas dominated by trees, generally greater than 5 m
tall, and greater than 20 % of total vegetation.
Deciduous and evergreen forests are included.
Palustrine Forested Wetlands Includes all tidal and non-tidal wetlands dominated by
woody vegetation less than 5 m in height and all such
wetlands that occur in tidal area in which salinity due
to ocean-derived salts is below 0.5 %.
Estuarine Emergent Wetlands Includes all tidal wetlands dominated by erect, rooted,
herbaceous hydrophytes and all such wetlands that
occur in tidal areas in which salinity due to oceanderived salts is equal to or greater than 0.5 % and that
are present for most of the growing season in most
years.

The next step was to take the classified images from Murrah (2007) and calculate
the change in land use/land cover from the 2002 (Figure 4.1) image to the 2005 (Figure
4.2) image. This was done by the assignment of a numeric value (Table 4.3) to each land
use/land cover in the August 2002 image (10, 20, 30…) and the September 2005 image
(1, 2, 3, 4…). Reclassification was done using the reclassify feature in ArcMap, found in
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the Spatial Analyst toolbar. After the images were reclassified, they were subtracted
using Raster Calculator. These results represented land use/land cover changes according
to the values listed in Table 4.3. For example, a land use/land cover change of 15
represents a change from herbaceous/cultivated land use/land cover to urban land
use/land cover. Herbaceous/cultivated (20) minus urban (5) equals 15, therefore the pixel
was herbaceous/cultivated in 2002 and is urban in 2005.

Table 4.3

Values of land use/land cover changes resulting from the subtraction of
the September 2005 image from the August 2002 image. These values
were used to determine areas of high erosion risk. Areas of no change are
highlighted gray.

Values
0

Emergent
Wetlands
10
10

Herbaceous/
Cultivated
20
20

Mixed
Upland
30
30

1

9

19

2

8

3
4
5
6

7
6
5
4

7-Aug-02
16-Sep-05
Emergent
Wetlands
Herbaceous/
Cultivated
Mixed Upland
Palustrine
Urban
Water

Palustrine

Urban

Water

40
40

50
50

60
60

29

39

49

59

18

28

38

48

58

17
16
15
14

27
26
25
24

37
36
35
34

47
46
45
44

57
56
55
54

35

Figure 4.1

Classified image of Weeks Bay Reserve watershed August 7, 2002. This
image was subtracted from the September 16, 2005 image to create the
change image with unique values. Areas of increased urban land use/land
cover in the September 16, 2005 image are circled in yellow.
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Figure 4.2

Classified image of Weeks Bay Reserve watershed September 16, 2005.
This image was subtracted from the August 7, 2002 image to create the
change image. Areas of increased urban land use/land cover are circled in
yellow.
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Once the subtraction was completed, it was easy to identify sites of high and low
erosion potential using the values from the lookup table. The unique values obtained
from the subtraction could be highlighted and observed on a change map. Site selection
was based on the results of this change map.
1)

Identification of Suspended Sediment and Land Use/Land Cover
Comparison Sites

Sampling sites were determined from the inspection of the change image. Values
deemed high erosion potential from Table 4.3 were queried on the change map.
Highlighting was done by simply changing the value’s color to a distinct color that was
more visible. A distinct color is a color that was not on the existing color chart. For
example, if a natural vegetation color progression was used, then red would be a good
choice. This distinct color should be drastically different from the others. Locations with
a clustered amount of these samples were selected as a site potentially having high
erosion. Some areas of concern are highlighted in Figure 4.3. A pool of sites was
selected from this image based on their proximity to the road. This was necessary due to
the importance of collecting a sample as soon as possible after a rain event.
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Figure 4.3

Classified image of Weeks Bay Reserve watershed showing areas of
changes and their potential for erosion. This image is the result of the
subtraction of the September 16, 2006 image from the August 7, 2002
image. The red circles indicate areas of increased urban land use/land
cover.
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2)

Suspended Sediment and Land Use/Land Cover Comparison Study

a)

High Erosion Potential

Sites of high erosion potential are defined as sites that represent a conversion
from a vegetative land use/land cover (Palustrine, Mixed Upland, Emergent Wetlands) to
urban or cultivated land use/land cover. High erosion potential sites are those with a
greater than 5 % change to urban or a greater than 10 % change to urban or
herbaceous/cultivated. The conversion to urban or herbaceous/cultivated land use/land
cover would be a high risk for erosion potential because they both encompass the
removal of vegetation.
b)

Low Erosion Potential

The sites of low erosion potential are sites that had less than 5 % change to urban
land use/land cover or less than 10 % change for both urban and herbaceous/cultivated
land use/land cover from a more vegetative land use/land cover.
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3)

Determination of Land Use/Land Cover

Exact quantification of the land use/land cover values were needed for the
“background” sampling events. These values provide a detailed understanding of the
area surrounding the sample site. The land use/land cover values (changes 2002-2005)
for sites were determined using a 0.25 km radius around the sampling location. For
“background” sites, the global positioning system location was entered into ArcMap as a
shapefile. From this point, a buffer was created and saved as a layer file. This file was
used as a mask in the Spatial Analyst Toolbar to eliminate surrounding pixels (only pixels
contained in the 0.25 km radius are calculated). To determine the classification of the
pixels in the masked area the change image was entered into the Raster Calculator. The
result of this calculation shows the number of pixels of the change image located within
the buffered zone of 0.25 km.
Figure 4.4 shows the process of the geospatial methods.

41

Figure 4.4

Flow Chart Representing the geospatial process.
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Total Suspended Solid Field Sampling and Analysis
A)

Data Acquisition

Total suspended solids were measured for this research. Sites for total suspended
solids sampling were divided into sites for “background” sampling and for comparison of
suspended sediment and land use/land cover comparison (objectives 2 and 3).

1)

“Background” Sampling

Sites for “background” were selected based on their proximity to roads and the
main river channel (Figure 4.5). An ideal “background” site would be located directly off
of a road with a place to park the vehicle away from traffic. A site located directly off the
road was required so that excessive time was not spent traveling to the site. It was
preferred that sites to be located in the main channel to obtain a more accurate analysis of
the total suspended solids in the river.

However, due to logistical and financial

constraints. Sampling was performed from the shoreline.
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Figure 4.5

Classified change image of Weeks Bay Reserve watershed showing
sample locations for “background” suspended sediment sampling. These
sites are located along both the Fish and Magnolia Rivers. Red stands for
high erosion potential, yellow stands for moderate erosion potential, green
stands for low erosion potential, and black stands for no change.
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Samples were collected at the surface using an extension pole with a reach of 2 m.
For collection, a 1 L bottle was attached to the extension pole (Figure 4.6). Samples
providing “background” data for suspended sediment load were taken using the following
method. The first sample was collected at time 0 (initial time upon arrival at the site),
second sample was collected 5 minutes after the initial, the third sample was collected 15
minutes after the initial, and samples 4 through 6 were collected thereafter in 15 minute
intervals (collection of samples took less than 1 minute each). Sampling time for each
site therefore equals 1 hour with a total of six samples collected from each site. This
sampling scheme limits the disturbance to the water by allowing the area to equilibrate
before another sample was taken. It also provided a more accurate representation of the
suspended sediment at the location since surface water is a very dynamic environment.
This area is especially vulnerable to temporal affects as a result in tidal fluctuations. The
time of day which sampling was done depended on the weather and location of each
sample. Samples for “background” suspended sediment could not be taken during a
storm event, for safety (mainly lightning). A time span for collection was created to
account for the possibility of samples being delayed because of occasional afternoon
storms. For these reasons, samples could not always be taken at the same time. Samples
were taken within two hours of the sample time from the past sample collection at the
location (i.e. the last sample for Marlow Ferry West was taken at 13:00; the next sample
at Marlow Ferry West should be taken between 11:00 and 15:00).
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Figure 4.6

2)

Example of “background” stream sampling. This event is at the Silverhill
site (Fish River at Highway 104). A United States Geological Survey
station is located here.
Suspended Sediment and Land Use/Land Cover Comparison

Samples which reference the land use/land cover changes were taken as close to a
rain event as possible, within 12 hours, since erosion is related to rainfall and the
proximity to rainfall was important to this research.

Many of these samples were

collected by boat at the mouth of tributaries entering the Fish River. Some samples (Fish
River at Highways 64 and 90 and Interstate 10) were collected from the shoreline because
it was too difficult to reach these locations by boat due to shallow water and vegetative
debris in the river. Each sample obtained was sealed and transported back to Mississippi
State University for analysis. Discharge data for the Fish and Magnolia Rivers were
obtained from Wilson (2003), data were also available at the Silverhill site. These data
combined with the results provides an approximate suspended sediment load for the
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locations, allowing for a comparison of suspended sediment in future research. Tidal flux
impacts both the Fish and Magnolia Rivers, and during high tide a disruption in the
sediments reaching the bay could occur. For this study, ebb tide discharge data were
used. A seiche also affects this area. A strong seiche can intensify the flood or ebb tides,
therefore disrupting or intensifying (depending on the pressure gradient arrangement) the
discharge in the area. For the purpose of this research, a simplified system was used.

B)

Lab Analysis
Samples were analyzed for suspended sediments using methods adopted from

Edwards and Glysson (1998) and Dean (1974). Sands and coarse organics were sieved
out using a #230 sieve; these were labeled as coarse sediments. The remaining fines were
filtered through a vacuum filtration flask, and samples were then weighed. Coarse and
fine samples were then dried using a convection oven for 1 hour at 105 ˚C. The dry
weight, which includes the weights of organics and fines, was obtained. Loss on ignition
of the organic materials was done using a muffle furnace at 550 ˚C for 1 hour (Dean,
1974). After burning, what remains of the sample is the sediment. Samples were reweighed, producing a final total for suspended coarse and fine sediments in the samples.
These data allow for the differentiation of total sediment and organic weights in the
samples.
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C)

Data Comparison
Field sampling resulted in two sets of data. The first set was the “background”

data for the larger stream channels. The data included the sediment variables of weight
organics, weight fine-grain and weight coarse-grain sediments. Samples were compared
during higher flow and lower flow periods. The second data set was used to compare
land use/land cover types. For this, the weight of organics, weight of fine-grained and
weight of coarse-grained sediments were compared among tributaries in rapid urban
growth and tributaries in less rapid growth.
Sediment data (percent organics, fine and coarse-grained sediments) were plotted
for each site. The average amount of suspended sediment was established providing a
baseline. These samples were compared to one another by site. Variables compared
were the amount of organics and inorganics, fine and coarse-grained sediments, land
use/land cover current (2005), land use/land cover change, and sample comparisons and
land use/land cover changes and suspended sediment levels. Precipitation data were
obtained from National Estuarine Research Reserve Centralized Data Management
Office. Rainfall data can be viewed in Table 4.4. Rainfall data is displayed for both the
Fish and Magnolia Rivers because of the spatial variability of rainfall in the area.
Sampling events with a rainfall of greater than 25.4 mm within the previous week and
rainfall within 48-hours of the sampling event were considered a rain event. A 48-hour
window was needed because samples could not always be taken directly after a rain event
due to travel restrictions. Because the samples were taken during a dryer than average
year, a 25.4 mm rain event was used.
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Table 4.4

Rainfall events within the sampling period. Sampling events occurring
when the rainfall was greater than 25.4 mm (1.0 in) were considered a rain
event. Gray stands for the date of sampling.
Date
18-Jun-2007
19-Jun-2007
22-Jun-2007
2-Jul-2007
3-Jul-2007
4-Jul-2007
5-Jul-2007
6-Jul-2007
7-Jul-2007
8-Jul-2007
15-Jul-2007
16-Jul-2007
20-Jul-2007
21-Jul-2007
22-Jul-2007
12-Aug-2007
19-Aug-2007
6-Oct-2007
9-Nov-2007
10-Jan-2008
11-Jan-2008
16-Jan-2008
17-Jan-2008
12-Feb-2008
15-Feb-2008

Fish River
(mm)
86.868
26.924
0
3.302
5.08
2.794
4.318
1.778
10.160
0
7.366
4.826
1.27
0
0
0.254
0
4.064
0
4.318
21.082
27.94
0
12.7
0
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Magnolia River
(mm)
30.988
12.192
0
11.684
20.066
15.748
2.286
0.254
4.318
0.508
9.652
27.94
26.67
1.778
0
1.016
0
15.24
0
2.54
10.414
27.94
0
23.622
0

CHAPTER V
RESULTS

“Background”
The following section presents the results of the “background” study. Samples
representing “background” data were taken from the main river channels of the Fish and
Magnolia rivers.

A)

Land Use/Land Cover
Locations for the “background” samples were taken on the Fish River at Boheman

Park, Pitcher Plant Bog Silverhill (United States Geological Survey Station) and Marlow
Ferry West sites (Figure 5.1). Locations for Magnolia River “background” were taken at
Magnolia Public Access and Nolte Creek sites. Table 5.1 lists each site and describes
each location. The Pitcher Plant Bog and Silverhill sites were the least disturbed (least
urban and most forested) environments with minimal intrusion from urban development
or cultivation. It should be noted that ground was cleared in August 2007 for a new
housing development directly southwest (approximately 0.15 km) of the sampling
location at Silverhill. Because the clearing of land for this area occurred downstream of
the sampling location, there should be no effect on these samples.
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Figure 5.1

Classified change image of Weeks Bay Reserve watershed showing
sample locations for “background” suspended sediment sampling. These
sites are located along both the Fish and Magnolia Rivers. Red stands for
high erosion potential, yellow stands for moderate erosion potential, green
stands for low erosion potential, and black stands for no change.
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Table 5.1

Site location descriptions. This table details the location of “background”
sampling sites.

Site Name
Fish River Sites

Location Description

Located at the intersection of the Fish River and County
Road 48. This is a local swimming area and picnic locale.
Boheman Park
Upstream and downstream, the area is forested near the river
bank.
This area is located at the old Marlow Ferry ramp on the
Western side of the Fish River. It is located off of Old Ferry
Marlow Ferry
Road approximately 0.5 km. This location is another public
West
swimming area. The surrounding area upstream consists of
riverfront homes, downstream it returns to a more forested
area.
Located near the mouth of the Fish River, just north of US
Highway 98. Access from County Road 17. The
Pitcher Plant Bog
surrounding area is emergent and palustrine wetland, with
minimal urban development.
Location of USGS monitoring station. This site is located at
the intersection of the Fish River and Highway 104. This
Silverhill
area was heavily forested. Recently an area downstream was
cleared for a new housing development.
Magnolia River Sites
Magnolia Public
This site is located off Bay Street. There is an old public
Access
dock at this location. The surrounding LULC is urban (single
family homes). These homes are ten or more years in age, no
current land clearing is occurring.
Nolte Creek
Sampling for this site was taken under the County Road 12
bridge. This site is 0.10 km from the Nolte Creek boat
Ramp. The area upstream is heavily forested with one house.
During the summer (2007) developers were discussing the
placement of a wastewater treatment plant upstream.

The current (2005) land use/land cover percentage for “background” sites is
shown in Figure 5.2. Of the locations, the sites on the Magnolia River (Magnolia Public
Access and Nolte Creek), in 2005 had the greatest percent urban land use/land cover with
12.0 % and 11.6 % respectively.

Boheman Park had the third greatest urban land
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use/land cover with 11.1 %. Pitcher Plant Bog (2.1 %) and Silverhill (3.4 %) had the
lowest percentage urban land use/land cover of the sites.
Locations selected as “background” sites had an average change to urban from
2005 land use/land cover of 12.6 % and an average change to cultivated land of 8.0 %
(Figure 5.3). The Boheman Park site clearly had the largest vegetation reduction (43 %)
and conversion to urban. The Nolte Creek site showed the greatest change (20 %) from
vegetated areas to herbaceous/cultivated areas in the watershed. The Pitcher Plant Bog
site had the least amount of urban development and conversion to cultivated. Changes in
the sampling area for the Pitcher Plant Bog site were only a 3.0 % conversion to urban
and none of the surrounding pixels changed to herbaceous/cultivated lands.
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Magnolia River
Fish River
Figure 5.2

Land use/land cover of the area surrounding sites sampled as
“background” sites. This shows the percentage of each land use/land
cover for neighboring pixels.
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Figure 5.3

Percentage of land use/land cover changes from vegetative land use/land
cover to urban or herbaceous/cultivated land use/land cover.
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B)

Total Suspended Solids
The average and standard deviation of total suspended solids for each

“background” site are discussed in this section. “Background” site sampling consisted of
six samples per site per visit. It should be noted that the sampling was performed during
a dry year.

1)

Temporal Variability of Samples

a)

June 21-22, 2007

This sampling period had no rain within 24-hours for the sampling event (Table
5.2). However, there were rain events on June 18 and 19 totaling 113.8 mm for the Fish
River station and 43.2 mm for the Magnolia River station. Boheman Park and Silverhill
were not sampled at this time. These sites had not previously been identified.
The two Fish River sites (Marlow Ferry West and Pitcher Plant Bog) had
differing amounts of sediment. The Marlow Ferry site had nearly double the amount of
organic sediments and more than three times the amount of coarse-grained sediment than
the Pitcher Plant Bog site. The Marlow Ferry site was more variable. Both sites had
similar amounts of fine-grained sediment 2.33 mg/L and 2.17 mg/L respectively.
Sediment values at the Magnolia River site (Magnolia Public Access and Nolte Creek)
were also variable. The Magnolia Public Access site had nearly twice the amount of
organics and fine-grained sediments than the Nolte Creek site, however samples at this
site were highly variable. Both sites had similar amounts of coarse-grained sediments.
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Table 5.2

This table is a representation of the six samples collected June 21-22,
2007. These samples were taken during a period of no rain. Values are in
mg/L.
June 21-22, 2007 Background Samples

Site Name

Organics
Standard
Average
Deviation

Fish River Sites
Boheman
Park
Marlow Ferry
West
Pitcher Plant
Bog
Silverhill

-

-

-

-

-

2.90

2.07

2.33

2.07

1.67

1.03

4.45

5.23

2.17

3.06

5.50

5.92

-

-

-

-

-

-

8.73

4.00

3.06

1.33

1.21

1.33

2.17

0.75

1.67

1.63

4.17

b)

Coarse-Grained
Standard
Average
Deviation

-

Magnolia River Sites
Magnolia
7.98
Public Access
Nolte Creek

Fine-Grained
Standard
Average
Deviation

July 7-8, 2007

These samples were taken directly after several days of rain (July 2 through July
8). Precipitation amounts for the event were measured at 27.43 mm for the Fish River
and 54.86 mm for the Magnolia River Site. Sites on the Magnolia River received more
precipitation than sites on the Fish River. The Magnolia River sites had generally lower
values than the Fish River sites (Table 5.3).
On July 7 and 8, 2007 the Marlow Ferry West site had the highest amount of
organic sediments (12.07 mg/L) and this was over three times greater than the lowest
organic sediment site, Pitcher Plant Bog (2.48 mg/L). The other two sites, Bohema Park
and Silverhill had intermediate levels of organic sediments. Fine-grained and coarsegrained sediments were most abundant at the Boheman Park site and least abundant at the
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Pitcher Plant Bog site. The two Magnolia River sites had similar levels of organic
sediment and fine-grained sediment. The Nolte Creek site had twice the amount of
coarse-grained sediment.
The Marlow Ferry West site had TSS values nearly two-times greater than the
June 21, 2007 sampling event and the standard deviation was nearly four-times higher,
with values ranging from 16.87 mg/L to 2.88 mg/L deviation. The Pitcher Plant Bog site
had 40 % lower values than the previous sampling event except for fine-grained
sediment. Boheman Park site samples averaged to 31.2 mg/L for total suspended solids.
The Silverhill site had an average of 19.63 mg/L.
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Table 5.3

This table is a representation of the six samples collected July 7-8, 2007.
These samples were taken after rain for the previous seven days. Values
are in mg/L.

July 7-8, 2007 Background Samples
Site Name

Organics
Standard
Average
Deviation

Fish River Sites
Boheman
Park
Marlow
Ferry West
Pitcher Plant
Bog
Silverhill

4.14

5.71

5.44

15.83

8.01

12.07

10.11

2.33

2.88

11.17

16.87

2.48

3.02

4.17

3.66

3.00

3.22

7.38

8.75

4.00

3.03

8.25

4.79

5.53

3.33

2.58

1.67

0.82

3.22

3.67

3.44

4.17

2.32

5.45

c)

Coarse-Grained
Standard
Average
Deviation

9.66

Magnolia River Sites
Magnolia
5.76
Public Access
Nolte Creek

Fine-Grained
Standard
Average
Deviation

July 20-22, 2007

Samples for this event were taken after a rain event (Table 5.4). The Fish River
station recorded 13.46 mm of rain for the dates of July 15 through July 19. The station
on the Magnolia River recorded 66.04 mm of rain between the 15th and the 21st. The
Magnolia River samples were taken on the 21st. Samples for Pitcher Plant Bog were
taken on the 20th and Boheman Park, Marlow Ferry West were taken on the 22nd.
Total suspended solids values for the Boheman Park site on July 20th were much
lower (total 7.5 mg/L) than the previous sample date (31.2 mg/L - July 8th). The amount
of coarse-grained sediments at the Silverhill site was higher than any other site. The
Silverhill site had greater amounts of sand than any other site.
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The amount of total suspended solids the Magnolia River transported during this
sampling event was typically higher than the amount transported by the Fish River for
this period. This was expected because the station on the Magnolia River recorded a rain
event within 24 hours of the collection. The values obtained for this sampling event were
similar to the values obtained from the July 8th sampling event.

Table 5.4

This table is a representation of the six samples collected July 20-22,
2007. These Fish River samples were taken during a period of no rain,
whereas, the Magnolia River values reflect a rainfall event. Values are in
mg/L.

July 20-22, 2007 Background Samples
Site Name

Organics
Standard
Average
Deviation

Fish River Sites
Boheman
Park
Marlow
Ferry West
Pitcher Plant
Bog
Silverhill

4.99

2.00

1.55

1.33

1.37

2.58

1.52

4.33

3.67

2.00

1.41

3.42

5.48

1.33

0.52

3.67

3.88

5.50

3.94

3.17

0.75

23.50

18.56

5.53

2.17

2.14

4.50

2.95

1.64

3.33

2.07

5.83

5.12

5.33

d)

Coarse-Grained
Standard
Average
Deviation

4.17

Magnolia River Sites
Magnolia
6.00
Public Access
Nolte Creek

Fine-Grained
Standard
Average
Deviation

August 18-19, 2007

Samples from this period were taken during a period of no rain within a seven-day
period (Table 5.5). It was expected that sample sites would have lower total suspended
solid values, particularly fine-grained sediment. This was not always the case; some sites
had larger values of both fine and coarse sediment during no rain. In some cases this was
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true even compared to samples taken after a rain event. For example, the Pitcher Plant
Bog had values of 1.33 mg/L for fine-grained sediment during the July 20 sampling event
and 5.00 mg/L for the August 18 sampling event. The Nolte Creek site had5.33 mg/L
organics, 7.67 mg/L fine-grained sediment and 5.50 mg/L coarse-grained sediment for
the August 18th sampling event.
Of the Fish River sites, the Pitcher Plant Bog had the highest average value (5.00
mg/L) of fine-grained sediment. Marlow Ferry West site had an average value for finegrained sediment of 1.67 mg/L. Marlow Ferry West is located upstream of Pitcher Plant
Bog site, therefore, Pitcher Plant Bog should have similar values to those of Marlow
Ferry West site.
The Nolte Creek site had the highest average value of fine-grained sediment (7.67
mg/L). Magnolia Public Access had a much lower average value of 2.33 mg/L.
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Table 5.5

This table is a representation of the six samples collected August 18-19,
2007. These samples were taken after a period of no rain for the previous
seven days. Values are in mg/L.

August 18-19, 2007 Background Samples
Site Name

Organics
Standard
Average
Deviation

Fish River Sites
Boheman
Park
Marlow Ferry
West
Pitcher Plant
Bog
Silverhill

3.89

3.83

1.60

5.17

4.26

3.50

4.85

1.67

1.21

1.33

1.21

3.20

2.59

5.00

2.10

3.40

1.34

2.47

2.02

2.00

1.41

7.38

9.32

2.64

2.33

2.16

6.00

5.14

4.67

7.67

3.27

5.50

3.89

5.33

e)

Coarse-Grained
Standard
Average
Deviation

3.83

Magnolia River Sites
Magnolia
3.33
Public Access
Nolte Creek

Fine-Grained
Standard
Average
Deviation

October 5-6, 2007

Most of the samples from this period were taken after a rain event (Table 5.6).
The Fish River station measured 4.06 mm and the Magnolia River Station measured
15.24 mm of rain from this event. Samples for Boheman Park and Marlow Ferry West
sites were taken on October 6, neither the Fish nor the Magnolia River monitoring
stations recorded rain for October 5.
The average amount of fine-grain sediment for the Fish River sites varied widely.
The Pitcher Plant Bog site had the highest average sediment level (5.33 mg/L). This
value is close to the value of the August 22 sample (5.00 mg/L). Boheman Park site had
the lowest average amount of fine sediment for this date (1.17 mg/L).
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The Magnolia River values were more similar to one another. The TSS solids for
both sites ranged from 1.22 mg/L to 5.67 mg/LThe Nolte Creek site had the highest value
of fine-grained sediment (5.67 mg/L) and Magnolia Public Access site had the lowest
value (3.50 mg/L)

Table 5.6

This table is a representation of the six samples collected October 5-6,
2007. These samples were taken after a period of rain for the previous
seven days. Values are in mg/L.

October 5-6, 2007 Background Samples
Site Name
Fish River Sites
Boheman
Park
Marlow Ferry
West
Pitcher Plant
Bog
Silverhill

Organics
Standard
Average
Deviation

2)

Coarse-Grained
Standard
Average
Deviation

2.75

1.60

1.17

1.17

1.00

1.67

1.92

0.00

2.17

1.94

3.50

3.02

2.42

3.16

5.33

1.03

4.33

2.94

4.50

3.60

4.50

2.17

4.33

4.32

2.85

3.50

3.21

4.17

4.12

1.22

5.67

2.25

3.33

2.58

Magnolia River Sites
Magnolia
1.75
Public Access
Nolte Creek

Fine-Grained
Standard
Average
Deviation

3.92

Study Summary

Nolte Creek (10.3 mg/L) and Magnolia Public Access sites (9.9 mg/L) transported
the most organics of the sites sampled for “background” (Figure 5.4). Both of these
locations are located on the Magnolia River. The average amount of organics being
transported by the Magnolia River sites (Nolte Creek and Magnolia Public Access) was
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10.0 mg/L. The approximate amount of organics being transported by the Magnolia River
was 0.3 kg/s. Coarse and fine-grained sediments were similar at both Magnolia sites. At
the Nolte Creek site, coarse and fine-grained sediment levels were 4.1 and 4.5 mg/L
respectively. At the Magnolia Public Access dock, the total suspended solids were
slightly lower, 3.5 mg/L coarse-grained sediment and 3.1 mg/L fine-grained sediment.
Average sediment (coarse and fine-grained) discharge of the Magnolia River is 0.3 kg/sec
(discharge data obtained from Wilson (2003)).
Organic content being transported by the Fish River ranged from 6.7 mg/L at the
Pitcher Plant Bog site to 9.8 mg/L at the Silverhill site. The average amount of organic
material being transported by the Fish River was 8.8 mg/L. Approximate total organic
discharge by the Fish River was 0.9 kg/sec. Coarse-grained sediment being transported
at the Fish River sampling locations were approximately 3.0 mg/L (+/- 0.5) with the
exception of the coarse-grained sediment at the Silverhill site (11.1 mg/L). At the
Silverhill site, the Fish River was shallower than sites downstream and had a sandy
bottom. Average discharge for this particular site was 3.23 m3/sec (USGS National
Water Information System, 2008).
sediments (5.8 mg/L).

The Boheman Park site also had higher coarse

The river was shallow at this location (maximum depth of

approximately 1 m). Average suspended sediment levels for the Fish River are 4.5 mg/L
for coarse-grained sediment (excluding the data from Silverhill) and 3.2 mg/L for fine
sediments (all data included). The exclusion of the Silverhill site was due to the large
values of coarse-grained sediments. Average sediment discharge for the Fish River was
0.7 kg/sec (discharge data obtained from Wilson (2003)). Sediment discharge at the
Silverhill site was 0.05 kg/sec (USGS National Water Information System, 2008).
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Figure 5.5 shows the percentage of inorganic and organic suspended solids of
“background” sampling sites. The average percentage of organics is 50.8 %. The site
with the highest percentage of organics is Magnolia Public Access site with 60.1 %. The
Fish River at Silverhill site had the lowest percentage of organics at 40.2 %.
Further breakdown of the inorganics (fine and coarse-grained sediments includes
36.0 % fine-grained to 64.0 % coarse-grained sediments for the “background” sampling
sites (Figure 5.6). The Nolte Creek site was had the highest percentage of fine-grained
sediment, 52.3 % compared to 47.7 % coarse-grained sediment. The Fish River at
Silverhill site had highest percentage of coarse-grained sediment (and therefore the
lowest percentage of fine-grained sediment) at 76.5 %.
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Figure 5.4

Total suspended solids in mg/L for “background” sampling sites. Samples
are divided up by size (fine and coarse grained) and composition
(organic/inorganic).
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Percentage of suspended sediments coarse grained vs. fine grained for
“background” sampling sites.
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C)

Comparison of Rain and No Rain Events
Comparison of rain and no rain samples showed that the total suspended solids

appear to have been independent of rain (Figure 5.7). The levels of total suspended
solids after a rain event were less than or close to the levels prior to the rain event. The
Silverhill site was an exception to this.
averaged 22.8 mg/L.

During the rain events, the Silverhill site

The samples taken after no rain averaged 15.7 mg/L.

The

Magnolia Public Access, Pitcher Plant Bog and Polecat Creek sites had values of total
suspended solids that had less than 1 mg/L difference between the rain and no rain
sampling events. It should be noted that this was a dry year and a 25 mm rain event was
used, during a normal year, a 76.2 mm may have been appropriate.
1)

Temporal Comparison of Rain Events

The July 7, 2007 samples reflect a potential variation from a large rainfall event
from the previous seven-days. This rain event produced 27.43 mm on the Fish River at
Silverhill and 54.86 mm on the Magnolia River.
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Figure 5.7

“Background“ sample sites organics and fine-grain sediments comparison of rain and no rain events.
The Line Separates the Magnolia and Fish River sites.

a)

Boheman Park

The sample site at Boheman Park showed an increase in total suspended solids
compared to the other sampling dates (Figure 5.8). The July 7th samples had nearly twice
the level of suspended sediment as the other sampling events.

Figure 5.8

Average total suspended solids for sampling events at Boheman Park site.

b)

Marlow Ferry West

The Marlow Ferry site also shows the rain event of July 2nd through July 7th
(Figure 5.9). These values are also twice the levels of the other sample dates. The data
for the July 7th event has very high standard deviations. The samples from Marlow Ferry
West site also had more organics and coarse than fine during the July 7 event. The
coarse-grained sediment was 111.17 mg/L and the organics were 12.07 mg/L.
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Figure 5.9

Average total suspended solids for sampling events at Marlow Ferry West
site.
c)

Pitcher Plant Bog

The Pitcher Plant bog site did not have an increase in sediments for any event
(Figure 5.10). The channel was wider and the site was also farther downstream. The
values range from around 6 mg/L to 1 mg/L.

Figure 5.10

Average total suspended solids for sampling events at Pitcher Plant Bog
site.
d)

Silverhill

The Silverhill Site had decreased levels of total suspended solids for the August
18th event compared to the other events (Figure 5.11). The July 20 sampling event has

72

the largest amount of coarse-grained sediment with the greatest standard deviation (23.5
mg/L and 18.56 mg/L). This site was the farthest upstream of the background sites.
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30
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10
0
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Figure 5.11

July 20

August 18

Oct ober 5

Average total suspended solids for sampling events at the Silverhill site

e)

Magnolia Public Access

All of the values for Magnolia Public Access site were under 5.0 mg/L except the
organic material from the June 21st sampling event (Figure 5.12).

There was a

progressive reduction in fine-grained sediment over the sampling period (7.98 mg/L to
1.75 mg/L). Coarse-grained sediment increased over the sampling period from 133 mg/L
to 4.17 mg/L
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Figure 5.12

Average total suspended solids for sampling events at the Magnolia Public
Access site
f)

Nolte Creek

Nolte Creek showed an increase for the August 18 sampling event. (Figure 5.13)
The organic solids were around the 5 mg/L for all of the samples. Coarse-grained and
fine-grained sediment was approximately 5 mg/L. The samples at Nolte Creek had
minimal variation in the total suspended solids levels for the sampling dates.

Figure 5.13

Average total suspended solids for sampling events at the Nolte Creek site
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Suspended Sediment and Land Use/Land Cover Comparison Study
Sites were selected for the suspended sediment & land use/land cover comparison
study from Landsat 5 imagery. The sites used for this section of the research were
selected because they had undergone a significant amount of land use/land cover change
to urban from a vegetative land use/land cover.
A)

Land Use/Land Cover
Sites for the suspended sediment and land use/land cover study were taken on the

Fish River. These sites are shown in Figure 5.14. Sites sampled as high erosion potential
were the Fish River at Highway 64, the Fish River at Interstate 90, Tributary A, Cowpen
Creek, Barner Branch, Turkey Branch, Waterhole Branch, and the Cottages at Fish River.
Polecat Creek, Fish River just south of the intersection of the Pensacola Branch (Fish
River A), and Fish River at Highway 10 were sites that meet the criteria for low erosion
potential sampling. Tributaries with a greater than 5 % change to urban land use/land
cover or a greater than 10 % change to urban and herbaceous/cultivate land use/land
cover were classified as high erosion potential sites. Sites that did not meet either of the
above criteria were considered low potential erosion sites.
Some sites were identified as ideal for the suspended sediment & land use/land
cover correlation study based on proximity to land use/land cover change, but were not
sampled due to minimal or no discharge (no visible flow) and/or depth (less than 5.0 cm
deep). These sites were Turkey Branch at Highways 31 and 90 and the Fish River at
Highway 3.
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Figure 5.14

Sampling locations of sites deemed suspended sediment and land use/land
cover comparison study by the change image and reconnaissance of the
watershed. These sites are located along the Fish River. Red stands for
high erosion potential, yellow stands for moderate erosion potential, green
stands for low erosion potential, and black stands for no change.
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Table 5.7 shows the shows changes from vegetative land use/land cover (e.g.
forest) to urban or herbaceous/cultivated land use/land cover. Waterhole Branch, Turkey
Branch and Cottages on Fish River sites had the greatest changes in land use/land cover
to urban. Turkey Branch had the highest percentage of pixels change to urban land
use/land cover at 13.2 %, a total area of 645,300 m2. The Fish River at Highway 90 had
the lowest percent change to urban with 6.4 % change a total area of 136,800 m2. The
average percent change to urban land use/land cover was 10.0 % for locations used in the
suspended sediment and land use/land cover comparison study.

The Fish River at

Highway 64 site had the highest percent change to herbaceous/cultivated land use/land
cover with a change of 4.0 % a total area of 783,900 m2. The Fish River at Highway 90
site had the lowest percent change to herbaceous/cultivated land use/land cover with a
change of 1.2 % a total area of 26,100 m2.
Low erosion potential sites (Polecat Creek, Fish River at Interstate 10 and the Fish
River A) had an average percent change to urban land use/land cover of 2.7 %. The
Polecat Creek site had the highest percentage of pixels change to urban land use/land
cover with 4.9 % a total area of 1,134,900 m2. The Fish River A site had the lowest
percentage of pixels change to urban with 0.9 % a total area of 352,440 m2. The average
change to herbaceous/cultivated land use/land cover was 2.5 %. Polecat Creek had the
highest percent change to herbaceous/cultivated land use/land cover with 4.1 % change to
urban or a 925,200 m2 area changed. The Fish River A site had the lowest percent
change with a 0.7 % change to herbaceous/cultivated land use/land cover or a total area
of 291,900 m2.
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Table 5.7

Percentage of cells that underwent land use/land cover changes to urban or
herbaceous/cultivated land use/land cover for suspended sediment and
land use/land cover correlation study sampling sites.

Site Name

Change to Urban
(m2)

Change to Herbaceous/Cultivated
(m2)

455400
93600
855000
1289700
136800
85500
645300
829800

101700
19800
342000
783900
26100
18000
180900
198000

352440
446400
1134900

291900
531900
925200

High Erosion Potential
Barner Branch
Cottages on Fish River
Cowpen Creek
Fish River @ Highway 64
Fish River @ Highway 90
Tributary A
Turkey Branch
Waterhole
Low Erosion Potential
Fish River A
Fish River @ Highway 10
Polecat Creek

B)

Total Suspended Solids
The data of total suspended solids sites in the suspended sediments and land

use/land cover comparison study are shown in Table 5.7 and Figure 5.16. The average
total suspended solids for suspended sediment and land use/land cover sites sampled was
9.5 mg/L. These sites had an average suspended organic level of 3.3 mg/L, fine-grained
sediment levels of 4.4 mg/L and coarse-grained sediment levels of 1.9 mg/L. Average
suspended sediment amounts of fine-grained sediments being transported by the
tributaries vary from 8.5 mg/L in Turkey Branch and 1.3 mg/L in Tributary A. The
variation between coarse-grained sediment is not as large as the fines.
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Average

suspended sediment amounts of Coarse-grain sediments vary from 2.5 mg/L at the Fish
River at Highway 90 to 0.8 mg/L at the Cottages on Fish River.
The watershed of Weeks Bay Reserve had large variability of measured rainfall
during this study. For the November 9, 2007 sampling event, the watershed had not
received any rain. For the January 11, 2008 sampling event, the watershed received
21.08 mm of rain at the Fish River station while the Magnolia River station recorded only
10.41 mm of rain. The January 17, 2008 sampling event was after a rain event. The Fish
River station observed 53.34 mm of rain for this period and the Magnolia River station
observed 40.89 mm of rain. For the February 15, 2008 sampling event the rainfall
observed was greater than 48 hours before the sampling event, making the collection of
these samples during a non-rain period. Observations for the seven days prior recorded
12.70 mm of rain for the Fish River station and 23.62 mm of rain for the Magnolia River
on February 12, 2008.
Rainfall events and suspended sediment levels varied throughout the watershed of
the Fish River. For example, the January 17, 2008 data collected for Barner Branch site
shows a reduction in organics and fine-grained sediment from the Novermber 9, 2007
sampling event in organic material, as well as a reduction of the fine-grained sediment.
The Cowpen Creek site had an increase from the November 9th sampling event for all
variables the January 17 sampling event (organics, fine and coarse-grained sediments).
Of the sites estimated as high erosion potential, Tributary A and Turkey Branch
have high values of fine-grained sediment during rain events. Tributary A site appeared
more turbid than the Fish River (Figure 5.17).
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Table 5.8

Erosion
Potential

Total suspended solids values from suspended sediment and land use/land
cover correlation study mg/L. Erosion potential was based on change to
urban land use/land cover from vegetative land use/land cover for the
period of 2002 to 2005.
Site Name

Barner
Branch

Cottages on
Fish River

Cowpen
Creek

High

Fish River at
Highway 64

Fish River at
Highway 90

Tributary A

Turkey
Branch

Waterhole
Branch

Low

Fish River A

Fish River at
Interstate 10

Polecat Creek

Total
Suspended
Solids
(mg/L)
Organics

9-Nov-07

11-Jan-08

17-Jan-08

15-Feb-08

1.0

4.0

3.0

2.0

Date

Fine-Grain

3.0

4.0

2.0

5.0

Coarse-Grain

0.0

0.0

2.0

1.0

Organics

4.0

4.0

6.0

0.0

Fine-Grain

3.0

8.0

6.0

4.0

Coarse-Grain

-

2.0

1.0

1.0

Organics

3.0

1.0

3.0

2.0

Fine-Grain

1.0

2.0

10.0

3.0

Coarse-Grain

2.0

1.0

3.0

1.0

Organics

-

5.0

1.0

-

Fine-Grain

-

1.0

4.0

-

Coarse-Grain

-

2.0

3.0

-

Organics

-

5.0

5.0

-

Fine-Grain

-

1.0

2.0

-

Coarse-Grain

-

3.0

3.0

-

Organics

6.0

7.0

1.0

3.0

Fine-Grain

1.0

16.0

14.0

2.0

Coarse-Grain

3.0

1.0

3.0

0.0

Organics

2.0

13.0

2.0

2.0

Fine-Grain

4.0

3.0

9.0

6.0

Coarse-Grain

0.0

4.0

2.0

1.0

Organics

3.0

1.0

1.0

5.0

Fine-Grain

2.0

7.0

10.0

3.0

Coarse-Grain

3.0

3.0

1.0

1.0

Organics

6.0

5.0

3.0

1.0

Fine-Grain

1.0

13.0

10.0

1.0

Coarse-Grain

0.0

1.0

2.0

1.0

Organics

-

2.0

6.0

-

Fine-Grain

-

3.0

3.0

-

Coarse-Grain

-

5.0

5.0

-

Organics

3.0

2.0

0.0

10.0

Fine-Grain

2.0

1.0

2.0

3.0

Coarse-Grain

0.0

0.0

4.0

1.0
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Figure 5.15

Total suspended solids in mg/L for suspended sediment and land use/land
cover comparison study sampling sites. Samples are divided up by size
(fine and coarse grained) and composition (organic/inorganic).

81

Rainfall events and suspended sediment levels varied throughout the watershed of
the Fish River. For example, the January 17, 2008 data collection for Barner Branch site
shows a reduction in organics and fine-grained sediment from the Novermber 9, 2007
sampling event in organic material, as well as a reduction of the fine-grained sediment.
The Cowpen Creek site had an increase from the November 9th sampling event for all
variables the January 17 sampling event (organics, fine- and coarse-grained sediment).
Of the sites estimated as high erosion potential, Tributary A and Turkey Branch
have high values of fine-grained sediment during rain events. Tributary A site appeared
more turbid than the Fish River (Figure 5.17).

Tributary A

Fish River

Figure 5.16

Tributary A flowing into the Fish River. Notice Tributary clearly is more
turbid than the Fish River.
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The total suspended solids for the high erosion sites had an average percentage of
organics of 35.0 % and inorganics of 65.0 % (Figure 5.18). The low erosion sites had an
average percentage of 44.0 % of organics and 56.0 % of inorganics. Of the high erosion
potential sites, Fish River at Highway 90 site had the highest percentage of organics with
52.6 %. Cowpen Creek site had the lowest percentage of organics with 18.0 %. For the
low erosion potential sites the Fish River A site had the highest percentage of organics
with 56.5 %. The Polecat Creek site had the lowest percentage with 31.0 % organics.
For suspended sediments, the average percentage of coarse-grained sediment was
31.6 % for high erosion potential sites and fine-grained sediment for sites of high erosion
potential averaged 68.4 % (Figure 5.19). For low-erosion potential sites the average
percentage of coarse-grained sediment was 36.4 % and fine-grained sediment the average
percentage was 63.6 %. Tributary A had the highest percentage of fine-grained sediment
with 82.9 %. The Fish River at Highway 90 had the lowest percentage of fine-grained
sediment with 33.3 %. For sites with low erosion potential, Fish River A site had the
most amount of fine-grained sediment with 86.2 %.

Polecat Creek had the lowest

percentage of fines with 50.0 % of the sample being fine-grained.
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Percentage of total suspended solids, organics vs. inorganic for suspended
sediment and land use/land cover comparison study sampling sites.
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Percentage of suspended sediments, coarse-grained vs. fine-grained for
suspended sediments and land use/land cover comparison study sampling
sites.
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C)

Comparison of Total Suspended Solids and Land Use/Land Cover Changes
Comparison of the total suspended solids from sites used in the suspended

sediment and land use/land cover comparison study to the percentage of land use/land
cover change to urban and herbaceous/cultivated land use/land cover showed that an
increase in urban or herbaceous/cultivated in the 2005 image was not associated with an
increase in the total suspended solids after a rain event (Figure 5.20). The Fish River A
site had the lowest percent land use/land cover change to urban and herbaceous/cultivated
of 3.2 percent. The Fish River A site had the third highest levels of total suspended
solids for both the January 11 (19 mg/L) and January 17 (15 mg/L) sampling events. The
Polecat Creek site had the least amount of total suspended solids for both sampling events
(January 11, 3 mg/L and (January 17, 6 mg/L) but had a land use/land cover change of
9.2 %.

86

87

Figure 5.19

Comparison of total suspended solids for two rain events showing the percentage of land
use/land cover change to urban and herbaceous/cultivated (2005). The line separates high- and
low-erosion potential sites.

1)

Comparison of Rain and No Rain Events

The comparison of rain and no rain events was important to this research (Figure
5.20). Fine-grain sediment levels were expected to be higher at the high-erosion potential
sites. The soil types at this location are mostly fine-grained and can be entrained in
runoff. Suspended sediment in areas with high-erosion potential were higher than those
of low-erosion potential at all sample sites, but Barner Branch site (12.0-15.0 mg/L), and
the Fish River at Highways 64 and 90 sites (16.0 mg/L and 19.0 mg/L). The Fish River
at Highways 64 and 90 are both in the northern portion of the watershed where they were
undergoing construction at the time of the study.
The Fish River A and Fish River at Interstate 10 sites both had elevated levels
after a rain event. The Fish River A had a much larger variation than expected from 10.0
mg/L (no rain) to 35.0 mg/L (after rain). Tributary A also has a large variation between
rain (42 mg/L) and no rain events (14.0 mg/L). These sites are both located in the
northern portion of the watershed, which is currently (2007-2008) experiencing a large
change to urban land use/land cover.
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Figure 5.20

Comparison of total suspended solids between rain and no rain events. The line
separates high-erosion and low-erosion potential.

The breakdown of the data into organics shows that organic material in the
watershed generally is increased during rain events (Figure 5.21). High erosion sites
generally had higher levels of organics during a rain event. Turkey Branch site (high
erosion potential) had the greatest variation of organics between rain and no rain events
with rain events averaging 15 mg/L and no rain events averaging 3 mg/L. The Polecat
Creek site had the greatest variation among the low erosion potential sites. This site
varied from 2 mg/L during a rain event to 14 mg/L of organics during a no rain event.
Fine-grained sediment were mostly below the 15.0 mg/L during a rain event
(Figure 5.22). Of the high erosion potential sites, Tributary A site had exceptionally high
(30.0 mg/L) levels of fine-grained sediment in comparison to the other sites after rain
events. The Tributary A site also had the greatest variation between rain and no rain
events, ranging from 3 mg/L for no rain samples to 30 mg/L for rain events. The high
erosion potential sites had variable amounts of fine-grained sediment. Most of the sites
had higher levels of fine-grained sediment after a rain event.
Of the low erosion potential sites, the Fish River A had the highest levels of finegrained sediment after a rain event, ranging from 2 mg/L to 23 mg/L. The Fish River A
site averaged the second highest levels of fine-grained sediment. Tributary A (high
erosion potential site) had the highest. The Polecat Creek site averaged under 5 mg/L for
rain and no rain events, and was less than most of the high erosion potential sites, the
Fish River at Highway 64 (5 mg/L) and the Fish River at Highway 90 (3 mg/L).
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Figure 5.21

Comparison of organics during rain and no rain events. The line separates the higherosion and low-erosion potential sites.
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Figure 5.22

Comparison of fine-grained sediment during rain and no rain events. The line separates the
high-erosion and low-erosion potential sites.

CHAPTER VI
SUMMARY AND CONCLUSION

“Background” Sites
The results from this thesis provide background suspended sediment data for the
two main rivers of the Weeks Bay Reserve watershed. As described in the Literature
Review, the only previous suspended sediment research in this area was Wilson (2003),
and this study was derived from a few water samples from one rain event. From Wilson
(2003), a suggested a total suspended solid load ranged between 4.56 - 17.4 mg/L for the
Fish River and ranged between 9.65 – 17.7 mg/L for the Magnolia River. The Fish River
from the “background” sites in this thesis averaged 18.71 mg/L and 17.4 mg/L for the
Magnolia. Compared to Wilson (2003) these values are higher than the maximum values
reported for the Fish River and equal to the maximum values reported for the Magnolia
River.

The data for both studies are similar in magnitude. This suggests that the

sampling in this thesis was fairly accurate.
The differences between the two sediment studies may be related to several
parameters. First, since the publication by Wilson, urban development along the Weeks
Bay watershed has increased. The collection of Wilson’s samples occurred in March of
2000. Results from the 2002 to 2005 satellite images suggest that development along the
Magnolia River sites (Nolte Creek and Magnolia Public Access) increased by an average
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of 18 %. Urban development along the four Fish River sites increased by an average of
20.5 % (mostly from Boheman Park). It is conceivable that this observed increase in
development may explain the slightly higher sediment values.
Alternatively, there are other possible explanations, which were not considered in
this research. The sediment environment of Weeks Bay is highly dynamic and depends
on many factors, such as tide stage. Although tides in this area are usually less than 0.25
m range (NOAA, 2008), it would have been ideal to sample during the same tide stages
as Wilson (2003). However this was logistically impracticable and beyond the scope of
this project. Future studies might focus on repeated sampling at just one location under
different tidal regimes.
Another factor that may have affected the results is precipitation. It is well known
that sedimentation increases during precipitation (Tamene et al, 2006), especially the
finer particles. For the “background” study, efforts were made to compare sediment
sampling during both rain and no rain events. The results show that sedimentation was
not always higher following rain. With the exception of Silverhill (Fish River) and
Boheman Park (Magnolia River), the sediment amounts were similar during rain and no
rain sampling. Additionally, the July 7 sampling date occurred after the most intense
rain, yet only two of the Background sites (Boheman Park and Marlow Ferry West) had
higher sediment values. Precipitation sampling was in reality a very difficult variable to
control. Seasonal variations and the fact that this sampling occurred during a dry year
(based on the long term average) could be an explanation for the results. Precipitation
values were not even across the watershed. As an example on January 10 the location at
Silverhill received 25.4 mm or rainfall, during the same period the weather station in
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Foley, AL measured 15.74 mm. Rainfall intensity which was not measured could have
had an affect on the levels of suspended sediment. Also, every effort was made to sample
as close the same time period as possible. Logistically this was not always possible, thus
some of the sediment variation may be related to differences in sampling time. Clay
types, grain size, soil moisture and organic content are all factors related to the soils of
the area that should be considered. Therefore, the results from this thesis do not permit
the derivation of a causal relationship between precipitation and sedimentation, yet it is
apparent that the nature of this relationship is very complex.
The total suspended solid average for the Fish River was 18.71 mg/L and the
Magnolia River had values of 17.47 mg/L. The Fish River had a greater average than the
Magnolia River. This might be explained by recent development in the northern portions
of the Fish River. The Fish River and the Magnolia River sediment amounts and types
were slightly different from one another. For most of the sample sites, the Fish River had
slightly lower fine-grained sediment (average of 3.2 mg/L) and double the Magnolia
River of coarse-grained sediment (average of 6.2 mg/L). The Magnolia River (average of
3.8 and 3.8 mg/L, respectively). The Fish River also had less organics (average of 8.75
mg/L) compared to the Magnolia River (average of 10.14 mg/L). This higher amount of
organics may be related to more development along the Notle Creek and Magnolia Public
Access.
Of the “background” sites, the Magnolia River sites had higher levels of organics
and Nolte Creek had the highest levels of fine-grained sediment of all the sites with an
average of 4.5 mg/L. The Silverhill site had the highest values of organics (9.76 mg/L)
and coarse-grained sediment (11.11 mg/L) of the Fish River Sites. The Pitcher Plant Bog
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site had the lowest levels of organic material (6.65 mg/L). Marlow Ferry West site (Fish
River) had the lowest levels of inorganics with 6.5 mg/L. The Magnolia Public Access
site (Magnolia River) had the lowest amount of fine-grained sediment of the Magnolia
River sites with 3.07 mg/L. Coarse-grained sediment and organics were similar for both
sites. Coarse-grained sediment averaged 4.10 mg/L for Nolte Creek site and 3.53 mg/L
for the Magnolia Public Access site. Organics averaged 10.341 mg/L for Nolte Creek
(the highest of the “background” sampling sites) and 9.931 mg/L for Magnolia Public
Access site (second highest of “background” sampling sites).

The higher levels of

organics on the Magnolia could be attributed to runoff from maintained yards because
this stream flows through many residential neighborhoods. Yet, more research is needed
to derive the source and type of the organics in the Magnolia River.

Land Use/Land Cover and Suspended Sediment Comparison
The second part of this study focused on a comparison of land use change and
sedimentation. The initial hypothesis was that sediment amounts would be higher in
sample sites that have experienced more intense urban development than in sites with less
development. Results from this thesis, however, showed a more complex relationship
between land use and sedimentation. Although in the field, it was clearly apparent that
high erosion sites had more suspended sediment in streams. The layout of this particular
methodology did not permit the distinction for several reasons.
A comparison of 2002 and 2005 Landsat satellite imagery shows a heterogeneous
urban development landscape for the Weeks Bay watershed. Most of the development is
occurring along the northern reaches of the Fish River and to some degree along the
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Magnolia. Within the Fish River, most of the sample sites witnessed at least a 10% total
change in land use from forest to urban, from forest to cultivated, or from cultivated to
urban. Only two of the higher erosion potential sites had less than 10% total change
(Fish River at Highway 90 and Tributary A), regardless these two sites still experienced a
7% increase in urban land use. The approximate 10% percent change in urban land
use/land cover along the Tributary A is similar to the 14.7% increase in Baldwin County
population since the 2000 Census (Baldwin County Economic Development Alliance,
2008). The similarity of the percent increase in urban development and population
change also help validate the landuse calculations in this thesis.

The low erosion

potential sites had less than a 10% total change in urban and cultivated land use or had a
less than 5% increase in urban land use/land cover. Of these three sites, the Fish River A
and Fish River at I-10 has less than a 3% increase in urban land use/land cover. These
sites were experiencing a lower amount of land use/land cover change in 2005, however
this has changed. Particularly for the Fish River A site. The changes that have occurred
since 2005 were not measured for this research, just observed.

Another potential

explanation is that the definition for urban land use/land cover is ambiguous. It should be
noted that the classification definition for urban land use/land cover was “all developed
areas regardless of intensity (ranged from impervious surface to single family housing)”.
The resolution of the images used could also have a critical impact to these observed
changes. Some changes could be less than the 30 m resolution and therefore would not
appear in the results. Without consideration of the image resolution, the comparison is
not entirely accurate.
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Land use change from 30 m resolution, Landsat 5 TM data, 2002 to 2005, did not
appear to show a simple linear relationship to the amount of total suspended sediment.
The Fish River at Highway 64 site, for example, experienced an 11 % increase in
urban/cultivated land use yet this site had moderate amounts of total suspended sediment
(average ca. 6 mg/L). In contrast Tributary A had only a 7.5 % increase in
urban/cultivated land use, but had some of the highest sediment levels of all the samples
(average of ca. 20 mg/L). Furthermore, the Fish River A site experienced only a 3.2
percent increase in urban/cultivated land use, yet the sediment levels at this location
(average ca. 15 mg/L) where substantially higher than the Cottages on the Fish River site
(average ca. 13 mg/L) even though this latter site experienced more than triple the
amount of development (ca. 16 percent change to urban/cultivated land use). Therefore,
the association of higher suspended sediment with increase in urban development from
2002-2005 as measured by Landsat satellite imagery was not well established. It is
widely held that urban development increases sedimentation, and evidence in the field
suggests that this is occurring throughout the Weeks Bay watershed. However, the
sampling design employed in this project did not adequately record the heightened
sedimentation due to urban development.
There are several explanations for why there were no differences in sediment
levels between higher developed and moderately developed areas. For one, results from
the “background” suggest that sediment levels, at least in the larger stream channels, are
highly dynamic and that there is a lot of variability among the different sites. Some of
this variability can be attributed to differences in precipitation, inflow to the channels,
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and tide levels. These environmental variables may be masking the influence of urban
development.
The amount of precipitation may be the most significant of these variables. In the
results, it was shown that sediment levels were substantially higher for most sites during
precipitation events. For example, Tributary A had average total sediment of 15 mg/l
during non-rain sampling dates, but this value tripled during precipitation events (45
mg/l). This same trend was also apparent for the Turkey Branch, Cottages on the Fish
River, and Fish River A sites. Both the high erosion and low erosion sites responded
similarly to elevated sediment levels during precipitation, and this may have contributed
to the complexity of the results.
It should be pointed out that sediment levels in the “background” studies did not
clearly identify a precipitation influence. With the suspended sediment and land use/land
cover comparison, however, precipitation was clearly important to the amount of
sediment recorded. An explanation for the difference could be related to the stream
channel size. All the “background” samples were collected within the larger stream
channels (i.e. the main branches of the Fish and Magnolia Rivers) while the suspended
sediment and land use/land cover comparison samples were collected within smaller
tributaries.

Perhaps these smaller tributaries responded more quickly to increased

sediment levels.
Another complicating factor in explaining the results is the use of Landsat
imagery to identify changes in land use. First, land use categories were based on a threeyear period from 2002 to 2005. During this time, Baldwin County has experienced
considerable urban development, and this was clearly shown in the results. However, the
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development in the county since 2005 has also increased. For example one of the low
erosion potential sites, Fish River A, only experienced a 3.5 percent increase in urban
land use up to 2005. Just recently, however, this section has just experienced a lot of
observed development. This could explain the high sediment levels at this site.
Additionally, land use in this study was characterized from a 30 m resolution image. It is
possible that at this scale several developed locations were overlooked, yet these location
–such as the development of a new subdivision or housing complex- may be inflating the
sediment level for the low erosion sites. Similarly, the high urban areas, such as in
Cottages on Fish River, may have more vegetation around the actual steam channels, and
this may not be reflected in the land use categorization. Therefore, even though it was
classified as more urban (ca. 16 percent increase in urban/cultivated), there could be
factors, such as local vegetation, that mitigate the contribution of sediment to the
tributaries. Lastly, the designation of “urban” land use may be too coarse. Within this
definition are houses, subdivisions, malls, etc. Further, the “urban” definition from the
NLCD employs “all levels of urbanization”. Not all types of urban development are
equal in the sediment contribution; some practices such as clearing several acres for a
housing project may contribute more sediment than selective clearing retaining a riparian
area. Also differences in “Best Management Procedures” (e.g the silt fences seen along
the roadways at construction sites) may produce differences in sediment. Thus, a more
fine-scaled resolution may be needed to show the relationship between land use and
sedimentation, before concluding the accuracy of the use of satellite imagery and the
identification of potential erosion sites from satellite images.
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Cartwright (2002) was a landmark study that investigated urban land use and
sedimentation within the Weeks Bay watershed. Several of the erosion potential maps
from this thesis have been widely used by other researchers to help predict sediment
levels (personal communication, Scott Phipps, January 2005). One major contribution of
this particular thesis is that it helps with the interpretation of Cartwright (2002). Based on
a comparison of suspended sediment levels as measured in the field to land use changes
calculated from satellite imagery, the relationship between land use and sedimentation is
highly complex and not directly linear especially when identifying urban areas from 30 m
resolution Landsat imagery. The level of variability in the data between rain and nonrain events and among the different degrees of urban/cultivated changes suggest that a
finer scale may be needed in order to successfully model erosion potential.

Conclusion
This research did two things: (A) background and (B) comparison of land
use/land cover and suspended sediment. The background data suggest higher sediment
levels than previously reported. This could be related to increase in urban area as well as
to differences in sampling techniques.

The comparison of land use/land cover to

suspended sediment showed little relationship between the two variables. The nature of
the relationship is highly dynamic and may need to be estimated from finer scale. Other
factors such as the type of urbanization, proximity of development to the stream channel,
amount of local precipitation, and tidal ranges are important and should be considered
before the results of the suspended sediment and land use/land cover comparison study
are deemed reliable. Sedimentation is a problem. As population in Baldwin County,
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Alabama increases, sedimentation will continue to rise. The contribution of this research
was the establishment of a background total suspended solids level for Weeks Bay
Reserve. This research also can assist future researchers in the area of the potential
variations within the Weeks Bay Reserve watershed. Most importantly, the goal of this
research was to verify the use of land use/land cover in the determination of suspended
sediment levels in the Weeks Bay Reserve watershed. However, it was determined that
the resolution of the imagery used was not sufficient for the purpose. Also, the images
were from 2005 and did not represent the current changes in the land use/land cover of
the area. It is suggested that this research should be taken to the next level by doing a
more intensive study by quantifying any variation of suspended sediment during tidal
fluctuations. This study should also have more locations to record rain events throughout
a wider range in the watershed and incorporate rainfall intensity. The most important
suggestion would be to use a higher resolution image taken as close to the sampling
events as possible. Changes in the watershed occur rapidly and some changes cannot be
accounted for using Landsat imagery. This research will allow for a better understanding
of the complex Weeks Bay sedimentary environment and possibly the preservation of this
delicate estuarine ecosystem, before a critical threshold is reached. The results of this
study show that there are many more variables influencing suspended sediment and
because they were not included in this research, a definitive relationship between
suspended sediment and land use/land cover changes cannot be made.
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